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PREFACE 


The  book  to  which  we  call  the  readers'  attention  gives  a  comprehensive 
account  of  the  typhus  fever  problem  in  its  more  important  aspects  in 
accordance  with  the  modern  knowledge  of  this  infection.  During  the  past 
twenty  years  this  knowledge  was  enriched  with  many  new  findings  cue  to  the 
elaboration  and  wide  practical  appropriation  of  new  microbiological  and 
sero-immunological  methods  in  rickettsiology,  The  new  findings  entailed 
correction  of  some  previous  concepts  about  the  nature  of  residual  forms  of 
typhus  fever  labelled  as  sporadic,  or  recurrent  typhus  which  do  not  fit 
into  the  established  epidemiological  concept  of  classical  or  epidemic- 
typhus  fever.  Due  to  the  wide  use  of  sero-immunological  methods,  our 
position  was  also  strengthened  in  regard  to  the  existence  of  atypical  and 
subclinical  forms  of  typhus  fever  infection.  The  very  methods  of  the 
epidemiological  study  of  this  infection  were  also  changed.  At  the  present 
time,  such  a  study  is  no  more  conceivable  without  the  employment  of  sero- 
immunological  research  methods  which,  in  a  previously  inaccessible  form, 
permit  to  retrospectively  expose  the  past  of  typhus  fever  and  its  present 
status  in  a  surveyed  country.  Finally,  a  new  large  chapter  was  created  for 
the  specific  prevention  of  tuphus  fever  with  the  aid  of  various  types  of 
vaccines.  At  present  this  chapter  ends  with  the  appropriation  cf  the  most 
perfect  form  of  antityphus  vaccine— -the  live  vaccine  which  renders  a  marked 
and  long-lasting  immunity  already  on  the  next  day  after  a  single  inoculation. 

In  addition  to  the  more  important  data  from  the  world  literature  which 
includes  a  rather  valuable  contribution  of  our  previous  and  modern  national 
authors,  the  book  also  summarizes  the  results  of  many  years'  work  on  the 
typhus  fever  section  of  rickettsiases  which  was  directed  by  the  author. 

In  the  book,  we  carefully  used  the  very  valuable  typhus-fever  observa¬ 
tions  of  specialists  in  our  brother  republics— especially  in  Rumania  and 
Poland,  just  as  also  in  our  country,  which  acquired  a  serious  typhus 
inheritance  due  to  the  plundering  of  the  Fascist  armies  on  the  areas 
temporarily  occupied  by  them.  Just  as  our  brotherly  neighbours,  today  we 
experience  the  process  of  getting  rid  of  the  residual  forms  of  this  infection 
in  the  shape  of  sporadic  or  recurrent  (second)  typhus  fever. 

In  the  general  balance  of  sanitary  conditions  of  our  country,  the 
specific  share  of  typhus  fever  In  Its  sporadic  form  is  negligible.  But  we 
know  well  that  under  unfavorable  conditions  and  in  presence  of  pediculosis 
this  "peaceful"  form  of  typhus  fever  can  become  the  source  of  an  epidemic 
typhus.  This  is  why,  in  spite  of  the  absence  of  epidemic  typhus  fever, 
one  must  vigilantly  watch  over  this  potential  menace,  by  using  all  measures 
for  its  ultimate  elimination.  All  the  above  said  also  justifies  the 
appearance  of  this  book,  the  more  so  because  in  our  national  literature, 
although  there  are  excellent  clinical  monographs  on  typhus  fever,  there  is 
no  monograph  of  the  type  offered  in  the  present  publication,  unless  we 
consider  the  book  of  V.A.  BAKIKEN  and  I. I,  DOBREITSER  on  "Typhus  Fever", 
published  in  1932,  which  is  only  of  a  historical  interest.  Valuable  contribu 
tions  to  the  understanding  of  the  nature  and  epidemiology  of  sporadic  typhus 
were  brought  by  works  from  the  laboratory  of  K.N.  TOKAREVICH  (Leningrad), 
published  in  the  form  of  three  Collections  (Sbomik,  1952;  1958;  1961),  and 
by  a  series  of  articles  from  the  laboratory  of  G.S.  MOSING  (L'vov).  But 
unfortunately  not  all  these  works  had  a  monographic  generalization  for  their 
authors.  With  full  attention,  the  present  author  used  the  material  of  these 
authors  in  this  book. 

The  author  distinctly  foresees  that  the  published  book  may  provoke  a 
sharp  protest  on  the  part  of  many  domestic  epidemiologists  who  are 
adversely  tuned  against  the  recurrent  nature  of  sporadic  typhus  fever. 

But  in  the  science  facts  decide  which  accumulated  in  a  continuous  movement, 
and  not  the  protection  of  shades  of  the  past. 


P.  ZDRODOVSKII 
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GENERAL  INFORMATION  ON  TYPHUS  FEVER 


The  synonyms  of  typhus  fever  are:  epidemic,  louse-borne,  historical, 
European  typhus  fever;  sporadic  typhus  fever,  Brill's  disease;  louse-borne 
typhus  (Engl.);  typhus  exanthdmatique  (French);  Fleckfieber  (German  -  Spotted 
Fever);  typhus  exanthematicus,  Rickettsiasis  epidemica  pediculosa  (Lat.). 
^Abbreviated  in  this  monograph  to  TFj. 

DEFINITION 


Under  typhus  fever  we  understand  an  acute  febrile  rickettsial  ailment  of 
varying  severity  which  runs  with  marked  symptoms  of  central  nervous  system 
toxicosis,  in  presence  of  a  diffuse  roseolar  petechial  exanthema,  with 
formation  of  vasculitides  and  thrombovasculitides  in  small  vessels  of  various 
localization  and  strength.  The  agent  of  TF  is  the  Rickettsia  prowazeki 
(henceforth:  RPr),  and  its  transmitter  is  the  body  louse  (and  partly  the 
head  louse )  which  becomes  infected  while  sucking  the  blood  of  sick  people 
and,  dropping  upon  healthy  individuals,  propagates  the  typhus  infection  through 
its  fecalia  which  contain  rickettsiae,  by  dropping  the  latter  into  small  skin 
wounds  (scratches)  and  on  external  mucous  membrane-.  In  difference  from  other 
rickettsiases,  typhus  evidently  does  not  have  a  virus  reservoir  in  external 
Nature,  but,  by  spreading  through  lice  from  man  to  man,  in  case  of  pediculosis 
of  the  population  and  in  presence  of  other  advantageous  conditions,  it  can 
provoke  extensive  epidemics  and  pandemics.  Hence,  the  potential  epidemic 
importance  of  TF  is  great  for  public  health.  Beside  the  epidemic  forms,  TF 
varies  considerably,  it  is  the  highest  among  elderly  people.  The  course  of 
sporadic  TF  is  usually  benigh. 

HISTORY 

The  first  clinical  epidemiological  description  of  typhus  was  given  in  the 
XVI.  century  by  Girolamo  FRACASTORO  (1546).  However,  only  in  the  mid-19th  century 
was  TF  separated  as  an  independent  nosological  entity  with  its  differential 
diagnosis  from  other  "typhous'  ailments  (recurrent  and  abdominal  typhus). 

This  was  the  result  of  the  works  of  GERHARD  in  the  USA  (1887 ),  S.  P.  30TKHI 
(1868)  in  Russia,  GRIESINGER  (1857)  in  Germany,  and  S.  MJRCHISON  (1862)  in 
England.  The  infectious  nature  of  TF  and  the  presence  of  its  agent  in  the 
blood  were  accurately  shown  by  the  Russian  investigator  0.0,  KOCHUTKOVSKY 
the  first  time  in  1876  in  a  heroic  experiment  of  self -inoculation  of  the 
blood  of  typhus  patients. 

In  1878  the  Russian  investigator  G.  N.  MINKH  was  the  first  to  announce 
"the  high  probability  of  the  transmission  of  recurrent  and  exanthematous  TF 
from  man  to  man  with  the  aid  of  blood-sucking  insects".  (Quoted  after 
A.I.  METELKIN,  1951)*  Later,  the  French  investigators  TETTER  and  THOINOT, 
when  they  analyzed  the  outbreak  of  TF  in  France  in  I892-I893,  announced  in 
their  turn  the  hypothesis  on  the  propagation  of  TF  by  lice.  In  1908  the 
communication  of  N.F.  GAMALEYA  appeared  in  which,  on  the  basis  of  epidemiological 
findings,  he  corroborated  that  TF  could  be  caught  only  in  the  presence  of  lice. 
Finally,  in  1909  the  well-known  French  investigator  Ch.  NICOLLE  showed  in 
experiments  on  monkeys  that  the  body  louse  is  the  transmitter  of  TF  infection, 

This  is  also  the  basis  of  modern  ideas  on  the  epidemiology  of  the  disease,  and 
it  made  possible  to  have  a  good  foundation  for  the  conventional  measures  in 
the  control  of  this  rickettsiasis.  On  the  basis  of  epidemiological  data,  the 
essence  of  these  measures  (control  of  pediculosis)  was  also  independently 
provided  by  N.F.  GAMALEYA  in  the  same  1909  year. 

Later  on,  the  problem  about  the  pathogenic  agent  of  TF  also  found  its 
solution.  The  partially  successful  preliminary  searches  after  this  agent 
were  carried  out  by  the  American  investigators  H.  RICKETTS  and  R.  WILDER  in 
Mexico  (1909-1910),  and  by  the  Czech  investigator  S.  PROUAZSK  in  Eastern 
Europe  (1913-1914),  but  the  researches  were  not  completed  since  they  were 
interrupted  by  the  death  of  both  authors  who  became  infected  with  TF  at 
its  study.  Continuing  the  search  of  S.  FROWAZEK  by  studying  the  agent  of 
TF  in  infected  lice,  the  Brazilian  investigator  H.  DA  ROCEA-LIMA,  while  workir.w 
at  that  time  in  the  Hamburg  Tropical  Institute,  in  1916  successfully  completed 
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the  search,  of  his  predecessors,  and  isolated  the  agent  of  TF  in  the  form  of  a 
peculiar  inuracellular  microorganism  which  lives  as  a  parasite  in  the  epithelium 
of  the  stomach  of  infected  lice,  and  is  excreted  with  louse  fecalia.  In  honor 
of  the  pioneer  researchers  H.  RICKETTS  ar.d  S.  PROWAZEK,  who  died  at  the  study 
of  TF,  Da  ROCHA  LB4A  published  the  agent  of  T?  which  he  differentiated  under 
the  name  of  Rickettsia  Prowazeki  (RPr),  sikultaneoulsy  emphasizing  by  this 
term  the  specificity  of  the  group  of  microorganisms  to  which  the  agent  of  TF 
belongs,  which  also  retained  the  term  "Rickettsia"  from  this  time  on. 

For  the  study  of  TF,  the  experimental  reproduction  of  rickettsial  infec¬ 
tion  in  animals  was  of  very  great  importance.  This  task  found  a  solution  in 
its  time  on  the  one  hand  in  the  works  of  Ch.  UICOLLE  and  his  collaborators 
(1909-1912),  who  established  the  susceptibility  of  monkeys  to  TF  infection, 
and  on  the  other  hand  in  the  works  of  GAVINO  and  GIRARD  (1910-1911)  a3  well 
as  NICOLLE  and  his  coworkers  (1912)  who  showed  that  to  the  IF  agent  guinea 
pigs  are  susceptible,  animals  generally  accepted  at  present  as  models  for  the 
reproduction  of  TF  infection  under  laboratory  conditions. 

As  intracellular  parasites  the  rickettsiae  which  provoke  TF  cannot  be 
cultivated  on  the  ordinary  nutrient  media  used  by  bacteriologists,  and  the 
rather  important  question  of  their  accumulation  under  laboratory  conditions 
required  research  of  many  years.  Originally,  lice  were  used  for  this  purpose, 
for  whose  infection  (with  RPr)  R.  WEIGL  suggested  microenemas  in  1919.  This 
painstaking  and  low-efficient  method  of  accumulating  rickettsiae  in  lice, 
although  it  was  also  greatly  perfected  in  the  laboratories  of  G.S*  MOSIKG 
(L'vov)  during  1941-1942),  was  replaced  by  the  Soviet  authors  A.  V.  PSHENICHNOV 
and  B.  I.  RAECHER  with  a  simple  method  of  massive  infection  of  louse  larvae 
by  means  of  feeding  them  with  infected  blood  through  an  "epidermal  membrane", 
taken  from  the  skin  of  human  cadavers  and  later  replaced  by  the  American 
investigators  T.  SNYDER  and  WHEELER  (194^)  with  skins  of  young  chicks. 

The  work  on  body  louse  was  considerably  complicated  by  the  need  to  feed 
them  by  way  of  blood  sucking  on  donor  people .  To  avoid  this  difficulty,  the 
American  authors  H.  FULLER,  J,  SNYDER  and  E.  MURRAY  (1949)  took  lice  which 
were  adapted  to  feed  on  rabbits,  which  was  later  on  independently  carried 
out  also  In  the  laboratories  of  A.  V.  PSHENICHNOV  (1957)*  The  employment 
of  the  indicated  methods  of  infection  through  membranes  with  the  use  of  adapted 
races  of  body  lice  made  all  the  work  considerably  easier  in  their  cultivation 
and  infection  with  RPr. 

Further  on,  the  French  investigators  P.  DURAND  and  K.  SPARROW,  having 
used  the  method  of  the  Mexican  author  M.  CASTANEDA  (1939);  in  1940  published 
a  method  which  they  elaborated  for  massive  accumulation  of  RPr  in  the  lungs 
of  rodents  and  especially  of  mice  after  their  intranasal  Inoculation. 

Finally,  in  1938-1940,  the  American  researcher  H.  CCK,  who  by  his  own 
statement  was  inspired  by  the  researches  of  V.  A*  BARYKIN  (1937);  elaborated 
the  method  of  massive  cultivation  of  rickettsiae,  including  also  the 
cultivation  of  RPr  (1940)  in  the  vitelline  sacs  of  chick  enbryoes. 

As  a  result  of  this,  the  laboratories  were  able  to  cultivate  the  agent  of 
TF  in  any  amount,  by  accumulating  them  in  the  gastro- intestinal  tract  of  lice, 
in  the  lungs  of  rodents,  or  in  the  vitelline  sacs  of  chick  embryoes,  which  in 
its  turn  assured  the  possibility  to  prepare  antigens  from  RPr  for  the  specific 
serodlagnosls  of  TF  by  agglutination  and  complement  fixation  reactions,  which 
until  that  time  was  limited  by  the  use  of  a  non-specific  agglutination  of  an 
antigen  from  Proteus  GX,q  culture,  proposed  in  1916  by  E.  WEIL  and  A.  FELDC. 
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The  possibility  of  accumulating  RPr  in  any  quantity  under  laboratory 
conditions  permitted  also  to  solve  the  problem  of  specific  immuno-prevention 
of  TF  with  the  output  of  different  types  of  vaccines  for  mass  employment 
(louse  vaccine  of  WEIGL  and  PSHENICHNOVRAIKHER,  the  pulmonary  vaccine  of 
DURANB-G IROUD ,  and  the  egg  vaccine  of  CGK). 

Together  with  the  above,  we  specially  mentLon  the  researches  of  D.  V. 

POPOV  (1875 )  who  was  the  first  to  call  attention  to  the  formation  of  nodules 
(granules)  in  the  brain  characteristic  for  TP,  and  .the  much  later  works  of 
FRAENKEL  (1914)  arid  of  N.A.  ALFEEV  SKY  (1914)  on  the  vascular  lesions  specific 
for  TP  a"  well  as  the  classical  research  of  I.V.  DAVYDOVSKY  (1921-1522)  or. 
the  pathological  anatomy  of  TF.  Finally,  in  the  understanding  of  the  patho¬ 
genesis  of  TF,  the  discovery  of  the  toxic  properties  of  RPr  played  an 
important  role.  These  properties  cause  the  formation  of  neutralizing  anti¬ 
bodies  in  the  organism  (E.  GUDEMEISTER,  and  E.  HAAGEN  (1940);  GIROUD  (1938)* 

In  the  history  of  TF  research,  special  attention  is  also  due  to  the 
separation  of  the  benign  forms  of  "sporadic"  TF,  described  by  N.  BRILL  the 
first  time  in  '910  in  the  USA,  and  later  on  explained  by  H.  ZINSSER  (1934) 
as  recurrence-  of  latent  forms  of  an  earlier  transmitted  epidemic  (louse- 
borne)  TF.  The  indicated  variants  of  TF  obtained  the  name  of  Brill-Zinsser 
disease  in  the  literature. 

In  the  sphere  of  treating  TF,  and  treatine  other  rickettsial  diseases 
during  the  last  decade,  the  uac  of  antibiotics  (chloronycetine,  derivatives 
of  the  tetracycline  series),  gained  exclusive  importance,  usually  assuring 
a  quick  and  reliable  cure  of  the  disease. 

In  conclusion,  we  should  specially  mention  the  family  of  our  native  authors 
(beside  the  ones  already  cited  above)  who  added  some  kind  of  valuable  contribu¬ 
tion  to  the  study  of  TF.  Here,  first  of  all  those  Russian  physicians  should 
be  mentioned  who  were  the  original  pioneers  in  the  study  of  TF.  In 
•  particular,  these  physicians  are  YA.  SHIROVSKII  (l8ll),  YA.  GOVAROV  (1812) 
and  I.  FRANK  (1825 ). 

Among  the  later  and  modem  native  authors  who  wrote  more  important  works 
on  the  epidemiology  and  etiology  of  TF,  we  mention  L.A.  TARASEVICH,  A.N.  SYSIN, 

I. A.  DGBREITSER,  V.A.  BARYKIN,  G.V.  EPSTEIN,  L.V.  GROMASHEVSKEI ,  G.S.M0SING, 

K.N.  TOKAREVICH,  E.M.  GOLINEVICH,  E.N.  PAVLOVSKCI,  M.K.  KRONTOVSKAYA, 

M.M.  MAEVSKII,  I.V.  ROGOZIN,  and  a  number  of  clinicians:  K.F.  FLEROV, 
G.A.IVASHENTSEV,  N.K.  ROZENBERG,  D.D.  PLETNEV,  M.P.  KIREEV,  N.A.  RAGOZA, 

A.M.  SffiAL,  A.N.  FILIPPOVICH,  A.F.  BILIBIN,  K.M.  LQBAN,  and  others. 

These  are  the  more  important  phases  in  the  history  of  many  years  of 
research  and  comprehensive  understanding  of  TF. 

STATISTICS  AND  DISSEMINATION 

Both  in  the  remote  and  the  near  past,  including  the  first  half  of  the 
twentieth  century,  epidemics  of  TF  repeatedly  provoked  ravages  among  the 
population  of  Europe,  and  beyond  its  boundaries,  especially  in  the  periods 
of  wars  and  different  social  shocks  (hence  the  disease  was  characterized  by 
such  synonyms  in  the  past  as  war  typhus,  hunger  typhus).  The  below  quoted 
statistical  data  on  the  most  known  epidemics  selectively  illustrate  what  was 
said.  At  the  same  time  they  show  the  tremendous  epidemic  potential  of  TF 
infection  when  suitable  conditions  exist  for  its  dissemination. 

In  the  year  1489,  at  the  siege  of  Grenada,  in  the  Spanish  Army  17,000  men 
died  of  TF. 

In  the  year  1528,  at  the  siege  of  Naples,  from  the  French  Army  30,000 
soldiers  died  of  TF* 

During  1576-1577  in  Mexico  more  than  two  million  people  perished  by  rT7.  "  ' 
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In  1632  during  the  30-year  war,  under  Nuremberg  in  the  Swedish  Army, 

18,000  soldiers  died  of  IF. 

Uncountable  were  the  losses  by  TF  which  happened  in  the  Napoleonic  Wars 
in  1812.  Thus,  in  Vilno,  out  of  30,000  French  prisoners  of  war  25,000  men 
died  of  TF,  and  in  Danzig  out  of  36,000  there  were  13,000  death  cases,  and 
in  Torgay  Ik, 000  out  of  26,000  men,  and  in  Mainz  30,000  men,  and  so  on. 

During  1816-1819,  in  Ireland,  related  to  the  famine,  among  6  million 
inhabitants  about  700,000  persons  had  had  TF,  and  40,000  of  them  died. 

In  the  Crimean  War  of  1854,  in  the  French  Army  the  TF  morbidity  rate 
reached  1:100,  and  17,000  soldiers  died. 

In  the  Russian-Turkish  War  of  1877-1878,  in  the  Russian  Dunai  Army, 

32450  persons  got  sick  with  RF,  and  10,000  men  died,  while  in  the  Caucasian 
Army  15,660  got  sick  and  6,500  died. 

During  the  First  World  War  in  1915  in  Serbia  more  than  150,000  men  died 
of  TF,  and  in  particular  126  of  400  physicians  died  of  TF. 

In  Poland,  in  connection  with  the  First  World  War  and  with  its  sequelae 
during  1916-1920  514,000  persons  have  had  TF,  of  whom  56,494  died. 

In  Tsarist  Russia,  TF  was  a  common  infection  which  spread  over  a  large 
area,  including  the  capital  city  Peterbrug  and  Moscow.  According  to  the  data 
of  L.V.  GRGMASHEVSKII  (1947),  during  the  period  from  1880  to  1913,  the 
morbidity  index  by  five-year  groups  varied  within  4.5  and  8.5  per  10,000. 
Especially,  during  1905-1911  a  total  of  724,436  sickness  cases,  and  49,213 
deaths  were  recorded  due  to  TF.  During  this  period  the  lowest  morbidity  rate 
per  year  was  45,000  cases  of  TF  with  a  peak  rate  of  160,000.  TF  kept  on 
roughtly  on  the  same  level  during^  the  First  World  War  (1914-1917 )•  After  the 
revolution,  during  the  Civil  War  and  Foreign  Intervention,  beginning  from 
1918  on,  TF  had  a  sharp  rise,  having  caused  in  the  young  Soviet  Republic  the 
pandemic  of  1919-1922;  moreover,  at  the  height  of  this  pandemic  in  1919-1920 
in  the  USSR  the  average  index  of  morbidity  rate  per  10,000  inhabitants  reached 
respectively  340  and  339,  with  a  peak  of  601.8  (Central  Agricultural  District), 
and  a  minimum  of  85.8  (Northern  district )(Figwres  quoted  after  I.A.  DQBREITSER). 

As  some  authors  suggest,  during  the  1918-1922  period  alone  about  10 
million  people  got  sick  with  TF  (I.A.  DQBREITSER,  1932)* 

During  the  Second  World  War  (1941-1945),  and  the  next  subsequent  years, 

TF  epidemic,  was  observed  in  North  Africa  (1942-1944),  Iran  and  Iraq  (1943), 
Southern  Italy  (1943-1944),  Yugoslavia  (1944),  Rumania  (1944-1947),  Poland 
(1940-1946)  and  others. 

Especially,  an  intensive  TF  outbreak  occurred  in  1942  in  Egypt  where  about 
40, 000  had  the  sickness  with  a  l4fl>  mortality  rate .  In  1943  in  Iran  and  Iraq, 
during  the  TF  epidemic,  3338  patients  were  hospitalized  with  a  mortality  rate 
between  9.8$  and  12$.  From  December  1943  until  February  1944  in  Naples  1423 
TF  cases  were  recorded  with  a  mortality  rate  of  13*9#*  During  1940-1946  in 
Central  Poland  about  220,000  TF  sickness  cases  occurred,  while  in  Rumania  during 
1944-1947 ,  143,284  TF  patients  were  recorded. 

As  it  can  be  seen  from  the  quoted  data,  TF  epidemics  were  observed  during 
the  Second  World  War. 

As  to  the  USSR,  during  the  Second  World  War  (1942-1945 ),  epidemic  TF  had  a 
spread  among  the  civilian  population  in  the  districts  temporarily  occupied  by 
Fascists.  Further  on,  after  the  restoration  of  the  country's  economy,  TF 
ceased  as  an  epidemic  ailment,  remaining  only  in  the  form  of  sporadic  sicknesses 
(See  able  1). 

Such  was  the  epidemic  potential  of  TF  infection  in  reflection  of  its  past 
epidemics  in  the  various  epochs  and  in  the  various  -  untries. 
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From  among  the  individual  regularities  which,  characterize  the  spread  of  TF, 
first  of  all  the  morbidity  rate  by  age  groups  deserves  attention.  An 
illustrative  presentation  of  this  is  Table  1,  which,  was  compiled  according  to 
long-range  findings  of  the  age  distribution  of  TF  cases  in  Moscow. 

TABLE  1 

TYPHUS  FEVER  MORBIDITY  RATE  IN  MOSCOW  BY  AGE  GROUPS 
(After  I.A.  DQBREITSER,  1922) 


\  Years 

Age  in\ 
years  \ 

.  Absolute  Figures 

Percentage  to  total,  number  of 
sickness 

.  1916-17 

• 

e 

• 

:  1919-23 

• 

• 

: "1924-28 

• 

• 

:  1919-23 

• 

• 

:  1924-20 

£U  1 

86 

0.0 

0.1 

0.0 

12 

741 

11 

0.8 

0.9 

0.7 

5 - 9 

33 

2782 

27 

2.1 

3.3 

1.8 

10—14 

104 

6124 

86 

6.7 

7.5 

5.8 

0— — — — l4 

149 

9683 

124 

9.6 

11.8 

8.3 

15 — 19 

375 

12414 

509 

24.9 

15.2 

13.1 

20 - 29 

395 

25861. 

357 

25.7 

31.6 

34.5 

30 — 39 

306 

17442 

124 

19.9 

21.3 

24.2 

40 - 49 

228 

10721 

181 

14.8 

13.1 

12.3 

50—59 

600 

4421 

•  90 

3.9 

5.4 

6.1 

60 

17 

1273 

22 

1.1 

1.6 

1.5 

TOTAL 

1530 

81815 

1476 

100.0 

100.0 

100.0 

As  it  can  be  seen  from  Table  1,  the  peak  of  TF  affliction  concerns  the 
flowering  age  —20-29-years  —  with  the  contiguous  age  groups  of  15-19  and  30-39 
years,  while  the  minimum  morbidity  rate  is  .found  in  the  children's  group  up  to 
9  years  of  age.  These  ratios  are  independent  from  the  intensity  of  epidemics. 

In  correspondence  with  the  indicated  facts,  according  to  later  findings  of 
N.I.  RAGOZA  (1955 )>  in  the  period  of  the  Second  World  War  (1941-1945  )>  for  the 
first  20-year  age  group  the  morbidity  rate  was  18.  1%,  for  the  second  twenty-year 
group  it  was  11.%,  i.e.,  a  considerable  majority,  and,  finally,  for  the  third 
twenty-yeex  group  it  was  only  10.4$,  i.e.,  the  minimum. 

In  regard  to  TF  morbidity  rate  by  sex,  all  statistics  note  a  slight  pre¬ 
dominance  of  the  morbidity  rate  in  men  in  comparison  with  women.  For  instance, 
in  Peterburg  in  1887-1889  the  morbidity  rate  per  10,000  inhabitants  was  31*4 
for  men.  and  13.9  for  women,  while  during  1900-1909  it  was  20.4,  respectively 
13,4,  and  in  Petrograd  during  1911-1915  it  was  0.9  and  0.64  (quoted  after 
I  .A.  DQBREITSER). 

The  aex  ratios  find  their  reflection  also  in  the  comparative  TF  mortality 
indices.  Thus,  according  to  the  data  quoted  by  I.A.  DOBREITSER,  in  1927  by 
towns  of  the  European  part  of  the  USSR,  the  mortality  rate  per  100,000 
inhabitants  was  2.8  among  men,  and  1,5  among  women  with  an  average  index  of  2.1. 

As  to  the  fatality  rate,  i.e.,  the  deaths  calculated  per  100  patients,  in  case 
of  TF  there  is  considerable  variation  in  the  individual  epidemics  in  different 
countries.  Thus,  during  1918-1928,  among  the  patients  hospitalized  with 
TF  the  lethality  index  varied  from  2.2  (Palestine— out  of*497  patients  11  died), 
to  5-4  (USA — 47  died  out  of  809),  up  to  22.8  (Chile — 8?11  died  out  of  37,23 6 
patients),  and  29  (Egypt— 51,832  died  out  of  177,723). 

According  to  the  much  more  accurate  long-range  data  of  the  Red  Council 
Hospital  in  Moscow,  in  the  different  periods  the  TF  lethality  varied  at  the 
following  rate:  1902-1910— from  10.8  to  18$;  1919-1922— from  7.5$  to  10.5$; 
1923-1928—from  5.1  to  9.6$. 


1-8711 


Page  £> 


during  the  Second  World  War,  the  lethality  of  epidenics  in  foreign 
•.  is  reflected  in  the  following  indices:  Iraq.. .9.8$;  Iran..  .!£•>: 

j'iapies. . .13.956;  Cairo... 14. 4-21.1$.  In  the  USSR  among  the  hospitalized  TF 
patients  the  lethality  varied  from  4.2$  to  5.9$  to  10.7$  to  12.5$,  with 
average  lethality  of  6.1$  in  the  Army  (N.I.  TAGOZA,  1955)* 

TAELS  2 

TYPHUS  FEVER  PI  HAPL5S  (ITALY)  December  1943  -  February  19-44 
(Quoted  after  SNYDER,  1953 1 


Age  in  Years 

Number  of  cases 

Lethalit.,  rate  $ 

Less  than  3 

38 

2.6 

3-H 

224 

1.3 

12-20 

387 

4.9 

21-29 

213 

9-6 

50-38 

238 

13.4 

39-47 

175 

32.5 

48-56 

99 

36.3 

57-65 

37 

59.4 

66-74 

10 

50.0 

75 

2 

100.0 

TOTAL 

1,423 

13.9 

The  lethality  rate  and  age  characteristic  for  TP  are  given  in  Tables  2  and  3 

As  it  can  he  seen  from  Table  2,  the  lethality  rate  of  TF  is  the  lowest  in 
childhood.  Further  on  it  gradually  grows,  reaching  its  peak  values  in  elderly 
subjects  and  especially  in  old  people. 


TABLE  3 


TYPHUS  FEVER  IN  CAIRO  (EGYPT) 

January  1943  to  August  1944  (Quoted  after  SNYDER,  1953) 


Age  in  years 


Men 


Women 


Number 

Lethality  Rate 

Number 

Lethalit: 

16-20 

1,247 

9.6 

o.Y 

21-25 

1,363 

15.2 

586 

-  rs  l. 

..  »  *T 

26-30 

988 

25.5 

540 

*,  ?  "r 
— J  •  1 

31-35 

598 

30.8 

377 

-  0 

36-40 

422 

33.6 

232 

■ 

41-48 

264 

47.0 

135 

32-6 

TOTAL 

4,882 

21.1 

2,559 

i 

While  illustrating  similar  ratios  of  TF  lethality  and  age,  Table  3  also 
shows  that  in  men  the  mortality  rate  of  this  infection  (21.2$)  is  considerably 
higher  than  in  women  (l4.4$). 

With  the  data  quoted  for  Cairo  in  regard  to  the  relationship  of  TF 
mortality  rate  to  sex,  the  observations  of  the  former  SOKOL 1 NI OHESKY  Hospital 
in  Moscow  are  in  full  agreement.  In  this  hospital,  during  1905-1908  the  TF 
lethality  in  men  varied  within  13 .5$  and  20$,  while  the  lethality  in  women  was 
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from  12.3  to  13.5$*  Thus,  the  reduced  TF  mortality  in  vomer,  compared  to  men 
(see  above)  depends  not  only  upon  their  lover  morbidity  rate,  but  also  upon  a 
lover  mortality  rate,  i.e.,  obviously  upon  a  greater  resistance  of  the  female 
organism  to  TF  infection. 

As  it  vas  already  shovn  in  correspondence  with  the  data  of  Table  2,  the 
minimum  TF  lethality  rate  is  observed  in  children.  This  situation  should  be 
hovever  more  precisely  stated.  If,  as  this  vas  observed  in  the  1919-1922 
USSR  pandemic,  TF  afflicts  children  in  their  early  childhood,  then,  especially 
in  breast-fed  infants,  the  mortality  rate  can  be  very  high.  Thus,  according 
uo  the  data  of  I.  YA.  VINOKUROV  (1921),  in  Odessa  during.  1919-1920  the  TF 
lethality  rate  among  infants  reached  21.7$,  in  children  of  the  1-4  year  age 
group  it  vas  4$,  and  only  in  the  5-9  yen*1  age  group  did  it  drop  to  1.5$. 

For  epidemic  TF,  a  definite  seasonality  is  characteristic.  The  maximum 
figure  of  sickness  cases  is  recorded  in  January  to  May,  including  a  peak  in 
April,  and  the  minimum  number  of  patients  vas  noted  in  August-September. 

Table  4  presents  the  indices  of  monthly  distribution  of  sickness  cases  in 
the  USSR  during  the  1919-1923  epidemic  period  (averages— I.A.  DOBREITSER). 

TABLE  4 


TYPEUS  FEVER  AND  SEASONS  OF  THE  YEAR 


MONTH  I 

II 

III 

IV 

V 

VI 

VII 

VIII 

DC  X 

XI 

XII 

Morbidity 

Indices  148 

203 

20 

iee 

140 

8S 

47 

24 

21  24 

6i 

66 

As  It  was  already  shovn,  in  difference  from  the  majority  of  other  rickottsi- 
ases,  TF  does  not  have  an  outside  reservoir  in  Nature.  Therefore,  the  term 
"endemic"  in  reference  to  TF  can  be  used  only  conditionally  in  regard  to  areas 
where  epidemic  TF  is  constantly  observed,  owing  to  the  sanitary  conditions  of 
life  which  to  some  extent  provide  a  continued  circulation  of  the  virus  in  the 
louse-man-louse  chain. 

In  the  indicated  sense,,  "endemic"  distribution  of  TF  after  the  Second  World 
War  was  maintained  in  the  extra-European  areas  to  which  belong:  Morocco, 

Algeria,  Tunis,  Egypt,  Abessinia,  South  Africa,  Iran,  Mexico,  Guatemala, 

Columbia,  Bolivia,  and  Chile. 

In  the  USSR,  just  as  in  the  majority  of  other  East-European  states, 
including  also  Poland  and  Rumania  which  were  very  strongly  afflicted  in  the 
past,  in  recent  years  TF  is  recorded  in  the  form  of  sporadic  sickness  cases 
which  correspond  to  Brill's  disease  (See  below)  in  the  nomenclature  of  the 
International  Nomenclature  of  Diseases  (VOZ). 
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BASIC  INFORMATION  017  THE  PATHOGENIC  AGENT  OF  TYPHUS  FEVER 

The  generally  accepter  pathogenic  agent  of  TP,  as  we  have  already  men¬ 
tioned,  is  the  Rickettsia  provase ki  (RPr)(DA  ROCHA  LIMA,  1918)  which  together 
with  the  agent  of  rat  TF  or  liooser 1 s  rickettsia  (R.  mooseri,  MONTSIP.O,  1931  ), 
forms  the  subgenus  Rickettsia  in  sensu  proprio  in  the  overall  taxonomic 
system  of  rickettsias  (Subgenus:  Rickettsia,  PHILIP,  1953)*  This  corresponds 
to  the  group  of  TF  rickettsias  of  the  previous  nomenclature. 

Similarly  to  other  rickettsias,  the  R.  prowazeki  are  characterized  as 
intracellular  bacterioid,  immobile  Gram-negative  microorganisms  of  very 
marked  pleomorphism. 

According  to  the  summary  data  of  ?.  F.  ZDRODOVSKII  (1948),  which  also 
include  his  original  observations,  in  correspondence  with  their  microstructure, 
which  is  differentiated  by  special  staining,  in  RPr  the  following  morphological 
types  or  variants  are  distinguished  (Figure  1): 

1.  Type  a,  or  eoccoid  rickettsiae,  in  the  shape  of  very  fine  ovcids  or 
ellipsoids,  of” a  diameter  less  than,  or  about  0.5  micron,  frequently  forming 
diplococcic  forms  in  "dumb-bell"  shape,  and  occasional  short  chains,  sometimes 
intracellular  conglomerates  in  the  shape  of  microcolonies.  Cytomorphologically, 
they  are  homogenous,  monococcal  formations.  These  forms,  while  they  determine 
the  main  morphology  of  RPr,  are  especially  characteristic  for  intensive 
multiplication  in  the  cytoplasm  of  affected  cells  (Figure  1  and  2). 

2.  Type  b,  or  the  rodshaped  rickettsiae,  in  the  form  of  short  tods,  of 
about  1-1.5  micron  in  diameter.  Cytomorphologically  they  are  bi-coccal  (bi- 
granular)  formations  with  polarly  arranged  granules  which  are  connected  with 
pallidly  stained  protoplasma.  The  rodshaped  forms,  just  as  the  coccoid  ones, 

.  are  most  frequently  met  with  in  RPr,  and  as  the  preceding  forms,  they  represent 
an  intensive  multiplication  of  the  pathogenic  agent  in  the  cells  (See  Figure  1 
and  3). 


3.  Type  c,  or  bacillary  rickettsiae,  in  the  shape  of  oblong,  usually 
curved  bacilli”of  about  3-4  microns  in  diameter.  Cytomorphologically  they  are 
defined  either  as  bi-granular  formations  with  polarly  arranged  granuli,  or 
even  as  quadri-(or  sometimes  tri*)  granular  rods,  with  two  polarly  arranged 
granuli,  They  correspond  to  rather  sluggish  multiplication,  occupying  an 
intermediate  position  between  the  preceding  a  and  b  forms,  and  the  below 
described  d  forms. 

It-.  Type  d,  or  threadlike  rickettsiae,  in  the  shape  of  long,  fantastically 
curved  threads7  or  coarse  spirilla  in  the  size  of  20-30-40  microns,  and 
larger,  which  not  infrequently  form  peculiar  knots  in  the  cellular  plasma. 
Cytomorphologically  they  are  multi-granular  formations  which  represent  sort 
of  mycelia  made  of  the  a  and  b  forms,  or  with  the  presence  of  evenly  distributed 
granular  a  forms  in  their  protoplasma.  They  are  characteristic  for  initial 
phases  of”infection  and  for  delayed  types  of  reproduction  (See  Figure  5). 

Essentially,  the  variegated  morphology  of  RPr  is  evidently  an  expression 
of  the  different  tempo  of  their  growth  and  multiplication,  while  as  P.F. 
ZDRODOVSKII  showed  in  a  case  of  pulmonary  rickettsiasis  in  mice  (1948)  and 
as  it  was  later  corroborated  by  M.  YU.  MOROZOVA  (1962)  in  cell  explanations, 
a  subsequent  change  of  forms  from  a  to  a  can  occur  with  an  intermediate  lysis 
of  the  a-population  which  by  all  findings  corresponds  to  the  formation  of  ultra- 
filtrable  forms  of  RFr. 

RPr  is  multiplied  by  transverse  division.  P.F.  ZDRODOVSKII  (1948) 
distinguishes  here  an  ordinary  multiplication  by  division  of  the  small  forms 
with  the  formation  of  homogeneous  populations,  and  a  "mycellar"  multiplica¬ 
tion  by  fission  of  the  thread-like  forms. 
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FIGURE  1:  Sketches  of  R.  prowazeki  preparations  according  to  BOUBT,  an.i  sta. 
after  RQMAHOWSKr. 

a.  coccoid  forms;  b.  bacilloid  forms;  c.  bacillary  forms;  d.  threadlike 
e.  division  of  threadlike  forms. 


FIGURE  2:  Microphntogram.  Smear  from  the  intestine  of  infected  lice, 
Coccoid  rickettsiae. 
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FIGURE  3:  Microphotogram.  Peritoneal  rickettsiasis  in  guinea  pigs.  Smear 

from  the  tunica  vaginalis  of  the  testicle.  Cells  of  the  mesothelium 
filled  with  rickettsiae.  Rod-shaped  rickettsiae. 


FIGURE  4:  Microphotogram.  Peritoneal  rickettsiasis  in  guinea  pigs  (fatel 
case).  Smear  from  the  peritoneum.  Bacillary  rickettsiae. 
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The  microstructure  of  RPr,  just  as  that  of  the  other  species  of  micro¬ 
organisms  of  this  category,  is  similar  to  the  structure  of  bacteria.  In  parti¬ 
cular,  microchemically  a  membrane  of  lipoid  capsule  and  protoplast  is  differen¬ 
tiated  in  them  which  contains  granules  of  chromatinoid  nature  (A.V.  RUMYANTSEV 
and  E.P.  SAVITSKAYA,  1948).  Meanwhile,  with  the  aid  of  basic  staining,  under 
ribonuclease  control,  the  presence  of  ribonucleinic  acid  is  shown  (RIS  and  FOX, 
1949).  With  the  removal  of  the  membrane  in  RPr,  a  "soluble"  antigen  is  released 
(SHEPARD,  WYCROFF,  1946). 

For  the  chemical  composition  of  RPr  a  high  content  of  nucleinic  acid  is 
characteristic  together  with  a  high  content  of  lipoids  and  a  small  content  of 
carbohydrates  (V.I.  TOVARNITSKII  and  collaborators,  1946). 

The  main  physiological  characteristic  of  RPr,  just  as  also  of  other 
pathogenic  rickettsiae,  is  generally  related  to  their  intracellular  parasitism, 
with  their  inability  to  multiply  in  acellular  media  and  on  dead  tissue  sub¬ 
strates.  As  a  difference  from  the  rickettsiae  of  the  tick -borne  group  (sub- 
genus  Dermacentroxenus ,  WOLBACH  1919),  the  RPr,  colonize  only  the  cytoplasm  of 
the  affected  cells  and  are  never  multiplied  in  their  nuclei.  RPr.  find  the 
optimum  of  their  vital  activity  in  presence  of  lowered  metabolism  of  the  colon¬ 
ized  cells,  which  is  illustratively  shown  in  appropriate  experiments.  Thus, 
they  multiply  well,  for  instance,  in  chick  embryoes  (and  in  the  lungs  of  rodents) 
at  a  temperature  reduced  to  35°  -  36°  and  lower,  but  their  growth  is  inhibited 
when  the  temperature  is  increased  to  40°.  However,  even  at  40°,  rickettsiae 
can  well  develop  if  into  the  incubated  egg  a  small  amount  of  potassium  cyanide 
is  introduced  (at  a  concentration  of  8  x  10  -  -10-4,  which  reduces  the  oxygen 

need.  Similarly,  the  growth  of  the  agent  in  chick  embryoes  is  activated  by 
small  amounts  of  sodium  fluoride  which  inhibits  tissue  metabolism.  Rie  same 
effect  is  produced  by  lesion  of  embryoes  submitted  to  x-ray  irradiations 
(D.  GREIFF  and  H.  PINKERTON  et  al,  1944,  1945,.  1957). 


FIGURE  5:  Microphotogram.  Peritoneal  rickettsiasis  in 

guinea  pigs.  Smear  from  the  peritoneum.  Thread¬ 
shaped  rickettsiae. 


As  to  the  type  of  respiration,  RPr  (but  again  in  analogy  with  other 
species  of  rickettsiae)  are  aerobic.  However,  their  respiration  has  a  pecu¬ 
liar  character:  —they  actively  oxidize  glutaminic  acid  and  behave  indif¬ 
ferently  toward  glucose  (M.  BOVARNICK,  1949;  BOVARNICK  and  SNYDER  1950).  By 
oxidizing  the  glutamates,  the  rickettsiae  convert  adenosine-diphosphate  (ADP) 
into  energy-rich  adenosine-triphosphate  (ATP)  which  is  also  a  power  reserve 
(BOVARNICK,  1956) . 
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RPr  form  specific  toxic  substances  which  are  however  closely  tied  to 
the  body  of  live  rickettsiae,  and,  in  difference  from  bacterial  toxins,  they 
are  not  excreteu  by  the  rickettsiae  into  the  external  environment.  At  the  same 
time  in  the  body  these  toxic  substances,  as  true  toxins,  provoke  the  formation 
of  specific  neutralizing  antibodies  analogous  in  all  respects  to  antitoxins. 

The  toxic  substances  are  very  labile.  They  are  inactivated  at  60°,  by  forma¬ 
lin-;  with  ordinary  storage,  however,  they  maintain  their  antigenic  properties, 
i.e.,  as  if  they  were  converted  into  a  specific  antitoxin.  Relatively  well 
arc  preserved  the  toxic  properties  of  rickettsiae  only  at  low  temperatures 
(-70°).  At  investigating  the  toxic  properties  in  case  of  need  in  laboratories, 
a  suspension  of  live  RPr.  of  any  derivation  is  used  (louse  or  lur.g  virus,  egg 
culture— see  below).  The  investigation  of  the  toxic  properties  itself  is 
done  on  mice  which  are  killed  24  hours  after  intraperitor.cal  or,  still  better, 
after  intravenous  administration  of  a  native  suspension  of  live  rickettsiae  of 
sufficient  concentration.  The  first  knowledge  on  the  toxic  properties  of 
rickettsiae  was  acquired  with  egg  cultures  of  Mooser's  rickettsiae,  i.e.,  of 
the  agent  of  rat  TF  (GILDEMEISTER  and  HAAGEN,  1940),  and  a  year  later  tney 
were  also  demonstrated  for  RPr  (R.  OTTO  and  R.  BICKHARDT,  1941). 

Together  with  the  toxic  properties  of  RPr,  hemolytic  properties  were 
also  discovered  which,  by  analogy  with  the  first  properties,  are  tied  to  live 
microorganisms,  and  at  immunization  they  cause  the  formation  of  corresponding 
neutralizing  antigens  in  the  organism  (D.  CLARKE  and  J.  FOX,  1948). 

As  it  was  repeatedly  said,  by  analogy  with  the  viruses  which  are  obli¬ 
gate  intracellular  parasites,  RPr  do  not  reproduce  in  ordinary  acellular  media 
used  for  the  cultivation  of  bacteria,  but  they  are  abundantly  accumulated 
under  laboratory  conditions  in  the  stomach  of  contaminated  lice  (method  of  DA 
ROCHA- LIKA  and  WEIGL,  1916,  1919),  in  the  lungs  of  intranasally  infected 
rodents,  especially  mice  (method  of  CASTANEDA,  DURAND  and  SPARROW,  1940),  and 
in  the  vitelline  sacs  of  developing  chick  embryoes  (method  of  COX,  1940). 

RPr  can  be  also  cultivated  in  different  surviving  tissues  (for  instance,  in 
the  tissues  of  chick  embryo),  which  are  suspended  in  liquid  Tirode-serun 
medium  (method  of  H.  MAITLAND  and  M.  MAITLAND,  1928),  or  placed  on  the  surface 
of  Tirode-serum  agar  (method  of  ZINSSER  and  collaborators,  1939).  In  recent 
times,  by  analogy  with  other  species  of  this  group  of  microorganisms,  RPr  was 
successfully  raised  in  cultures  of  various  cells  parietally  growing  in  appro¬ 
priate  liquid  media  (M.  YU.  MOROZOVA,  1963). 

For  mass  production  of  RPr  under  laboratory  conditions,  at  present  they 
mostly  use  either  their  accumulation  in  the  lungs  of  rodents,  especially  in 
mice  (lung  cultures),  or  ever,  their  breeding  in  vitelline  sacs,  more  accura¬ 
tely  in  the  cells  of  the  vitelline  sac  of  developing  chick  embryoes  (egg  cul¬ 
tures).  Both  indicated  methods  assure  the  possibility  of  accumulating  RPr.  in 
unlimited  quantities. 

The  egg  cultures,  although  somewhat  more  complicated  for  obtaining, 
have  however  the  advantage  that  they  do  not  contain  bacterial  admixtures  which 
are  practically  unavoidable  in  the  pulmonary  culture  of  rickettsiae,  since 
the  latter  accumulate  in  the  open  system  of  the  lungs. 

Just  as  also  the  bacteria,  the  pathogenic  rickettsiae,  first  of  all 
the  RPr.,  display  the  phenomenon  of  variability,  which  is  shown  most  illustra¬ 
tively  in  regard  to  their  virulence.  Thus,  in  1941  in  Madrid  from  a  patient 
with  a  severe  case  of  TF  a  strain  of  RPr  was  isolated  which  on  the  11th  pas¬ 
sage  in  chick  embryoes  chipped  off  the  varient  E  which  hss  a  lower  virulence 
for  laboratory  animals  and  man  (GLAVER0  DEL  CAMP0,  and  F,  PEREZ  GALLARDO, 
1943).  Furthe.  on,  this  variant  was  stabilized  as  the  low-virulent  E  strain 
of  RPr  which  at  present  is  thoroughly  studied  and  approved  on  people  of  the 
USSR  and  abroad  as  a  live  vaccine  against  TF  (E.M.  GOLINEVICH  and  collabora¬ 
tors  1957  -  1962;  FOX,  J.  MONTOYA  et  al.,  1959). 
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In  1957,  A.V.  PSKENICEIIOV  and  O.IT.  SHSV3I3VA  published  their  findings 
on  tho  loss  of  virulence  for  guinea  pigs  in  tiro  fifth  of  tho  *Pr  strain  under 
the  effect  of  its  continuous  passages  in  lice  for  ll£  years. 

Finally,  in  re cent  times,  the  prospects  of  an  experimental  transforma¬ 
tion  of  R?r  wore  outlined.  Thus,  ir.  his  laboratory,  H.  PRICE  (195B)  describes 
the  successful  transformation  of  R?r.  into  R.  moosori  under  the  effect  of  OJA, 
contained  in  tho  body  of  tho  lattor. 

Serologically,  by  their  antigenic  structure,  RPr.  are  distinguished  from 
rickettaiao  of  tho  tick-borno  epottod-fevor  group  (Type  2.  sibericus),  the  ric- 
kettsaie  of  Q-fever  (R.  burneti;  and  tho  riokottsiao  of  tsutsugsmushi  (?-. 
orientalis),  but  they  are  similar  to  tho  rickottsiae  -f  rat  TF  (R.  mooseri)  duo 
to  a  thermostable  anti,  n  common  with  tho  lattor  (CASTA1ISDA,  2IA,  1933) •  ^ow- 
ever,  the  presenoe  of  a  typo-spooifio  antigen  in  RPr.  makes  possible  to  sero¬ 
logically  differentiate  thorn  from  R.  moosori  by  the  preponderance  of  tho  homo¬ 
logous  titre  of  immuno  serum  over  tho  hotrologouc  titro.  An  illustration  of 
the  serological  differentiation  of  R?r  from  other  rickettsial  species  is  shown 
in  Table  5«  (after  the  data  of  £.M.  GOLIREVICK). 
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R?r  are  unstable  under  the  effect  of  heat  and  arc  killed  in  a  liquid 
medium  already  at  warming  to  50°.  ^n  tho  contrary,  they  display  a  good  hardiness 
toward  lor/  temperatures,  especially  by  preserving  their  -vital  capacity  long  at 
.60°  -  -70°.  The  survival  capacity  0?  RPr  in  liquid  media  under  ordinary'  thermal 
conditions  is  very  limited.  It  is  somewhat  bettor  in  protein  media  (for  instance, 
in  sldm  milk),  but  evon  hero  at  a  temperature  of  23°  -  -26°  it  does  not  last  more 
than  I48  hours. 

In  an  aoid  medium  (pRlii.O  -  6.0)  tho  riokottsiao  are  killed  vary  quickly. 
In  difforonce  from  liquid  media,  in  dry  substratos,  R?r  display  a  rather  good 
resistance  in  external  environment,  but  this  chiefly  refers  to  rickottcias  ex- 
ecreted  with  the  ftcalia  of  infected  lico  (sco  below).  -^specially  wall  do  tho 
R?r  proservo  thoir  vital  capacity  in  lyophilic  exsiccation  in  protein  media 
•with  iub sequent  storage  in  vacuum  in  a  refrigerator  at  0  to  5°.  "hue,  accord¬ 
ing  to  the  data  of  E.".  GOLINEVICK,  urior  tho so  conditions,  riokettsiae  are 
preserved  not  loss  than  oight  yoars.  It  is  important  to  mention  that  at  sub¬ 
sequent  moistening  of  the  dry  substratos,  RPr  arc  quickly  killod. 

RPr,  like  the  unstable  vegotativo  forms  of  baits ria,  arc  made  easily 
harmless  with  disinfecting  cubstanoes  (Chloronino,  formalin,  phenol,  lysol,  and 
alkalies,  and  so  on)  at  customarily  used  oonoontrations. 
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TYPIfJS  rSViH  IXFBCTIOH  IS  LICS 

The  quostion  of  TF  as  a  sickness  of  people  aro  epiaeniologically  in¬ 
separable  from  this  typo  of  ;ickettsiasin  in  lice  which  are  tho  only  source  of 
the  T£  infection  of  people.  Therefore,  in  tho  present  review  we  give  a  rather 
comprehensive  information  on  lioo  and  the  infectious  process  at  thoir  conta¬ 
mination  with  R?r. 


BRIEF  INFOIwATIOV  ON  LICS  /in  TH5IP.  BIOLOOY. 

(FOOTKOTEt  In  the  description  of  lioo,  the  articles  of  2. IT.  PAVLOVSKY 
(1928  -  1958)  wore  mainly  used). 

In  the  dofinition  of  S.K.  PAVLOVSKY  (1958),  lice  are  insects  of  tho 
order  of  Pseud orhynchota  which  are  parasitic  exclusively  on  mammals  whoso 
blood  they  drink.  1* or: over,  all  species  of  lice  are  monoxenouc,  i.o.,  each 
species  of  lico  is  parasitic  only  on  a  particular  spocics  of  animal.  °n  man, 
three  spocioc  of  lico  of  the  Pcdiculidae  family  are  parasitic:  ~  Pediculus 
vestimenti  =  the  body  louse;  ?.  capitis  =  the  head  louso,  the  Pfcthiriuc  pubis= 
tho  orablouoo.  Tho  main  carrier  of  T?  is  tho  body  Iouog,  and  probably  also  the 
head  louso.  Therefore,  further  on  wo  give  the  characteristics  of  these  two 
specie s  of  lico.  30th  species  arc  hematophagous,  and  very  closely  related  to 
each  othor.  It  is  enough  to  cay  that  a  orocsed  interbreeding  is  possible  be¬ 
tween  them,  whilo  according  to  tho  data  of  V.V.  ALPATOV  (I9I45)*  the  ho:-d  louso 
oan  ohango  into  body  louso  under  certain  conditions.  Therefore,  somo  authors 
oonsidor  both  louso  epeoios  as  subsoecios  of  one  speoies,  Pedioulus  heminio 
(V.V.  AIPATOV  at  al.,  19^5;  2.  12ARTI3I ,  191*0). 

v 

Tho  head  louso  is  op  gray  oolor,  with  darkly  pigmented  spots  on  tho 
sides  of  it3  chost  and  abdomen.  Tho  size  of  the  male  is  2-3  mm,  of  tho  female 
2.J*  -  li  mm.  Ordinarily  it  lives  on  the  scalp. 

The  body  louse  ('=  clothes  louse)  is  of  light  gray  oolor.  It  is  longer 
than  tho  head  louse.  Tho  male  i3  2.1  -  3*72  cm,  the  female  2.2  -  k»75  "->•  *t 
lives  in  tho  folds  of  linen  and  clothos,  passing  over  to  tho  body  for  blood¬ 
sucking  only. 

Lice  are  bisexual.  The  mating  of  body  louse  is  roally  for  15-20  days, 
and  of  the  head  louse  for  7-12  days.  The  fertilised  female  lays  egg3  (=nits) 
(Figure  6),  attaching  then  with  an  excreted  fluid  to  the  fibres  of  a  fabric 
(body  louso)  or  to  hairs  (head  louse).  The  rather  important  conditions  of 
•gg  laying  are  sufficient  satiation  of  the  females,  and  torperatures  within 
20°  to  37  ,  with  an  optimum  at  32°. 
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Figure  6.  -  Ripening  of  the  embryo  in  louso  nits,  according 
to  KUTALL  (after  E.H.  PAVLOVSKY,  I9I48). 

a,b,o,d,e,  subsequent  stages  of  embryonal  development. 


_ The  body  louso  lays  6-II4  nits  daily,  oni  during  its  ontiro  life  200- 

_3Q0  nits .  But -thiT  ho  ad  louse  deposits  not  no re -than  U  nits,  and  during  its 
■whole  life  not  more  than  lL;i  nits. 

The  length  of  embryonal  development  of  lice  in  the  nits  doponds  upon 
the  outside  tonperaturo,  The  optimum  for  development  is  JO0  -  ;il°.  *f  the 
temperature  is  4O0  -  h5 °,  or  lower  thou  22°,  tho  larvao  do  not  natch,  'iiv; 

time  of  dovolopmcnt  at  j6°  -  570  temperature  is  is.  dayc,  at  55°  6-8 
days,  at  30°  7  -  lit  days,  and  at  £5°  lo  days.  In  case  of  alternating  cooling  . 
end  heating  (for  instance,  v.-i'h  poriodio  putting  on  and  baling  off  tno  oloihus) 
the  development  of  lioo  in  the  nits  is  delayed  to  5-6  vroedre.  Frcn  the  nits, 
larvae  will  oaergo  (Figure  7)  which  pass  through  throe  stages  of  development, 
by  to  an  end  as  sexually  n&turo  forms  (Figure  8).  Tho  length  cf  the 

postembryonal  devolopsont  depende  upon  many  conditions  (temperature,  mo? stare, 
feeding,  individual  peculiarities)  and  it  is  equal  to  12  days  as  an  avorago. 
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Figure  7*  -  Transformation  of  lice  (after  E.«.  PAVLOVSKY, 
1938). 

t\. ..larva  I;  b.. .larva  Il(nyiaph);  o.. .larva 
III(nyrr>ph  II), 


The  sexual  cycle  of  the  devclopr.ont  of  lice  is  presented  in  the  fol¬ 
lowing  forr.t  (l)  oabrvonal  davelopr.ent, .  .i^days  to  6  weeks;  (2)  larva  of 
Stage  I. ..3-5  days;  ^  (j)  larva  of  Stage  II. •  .it— 5  days;  (U)  larva  of  Stage 
III...3-U  days;  (5;  sexually  nature  form.  The  life  duration  of  a  female 
body  louse  is  U6  days,  of  a  rale  32  days,  The  sazo  for  a  female  haad  louse 
is  up  to  38  days,  for  a  male  hood  louse  27  days.  The  life  cycle  of  develop¬ 
ment  of  a  body  louse,  fron  the  moment  of  egg  laying  to  the  laying  of  eggs  by 
the  female,  -which  developed  from  this  egg  at  its  habitation  on  man,  equals  16 
days.  To  -the  end  of  its  life,  the  female  body  louse  can  leave  a  posterity  up 
to  l£00  individual  specimens. 


Figure  8.  -  Body  louse,  halo  (after  E.N,  PAVLOVSKY,  3.9I4S ) • 
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As  already  mentioned  above ,  at  all  stage a  of  postcmbryonal  life,  the 
body  and  hoad  louco  feed  exclusively  on  blood,  Lere,  according  to  the  data  of 
0.1!.  DUTOVA  (  1965),  tho  body  louse  sucks  up  to  1.4  mg  "of  blood  at  once,  and 
the  head  louse  0.5  -  0*65  mg.  The  body  louse  sucks  blood  2-5  tinss  a  day, 
while  under  laboratory  conditions  the  head  louse  needs  four  feedings  (accord¬ 
ing  to  the  observations  of  G.l!.  DUTOVA).  The  body  louse  can  tolerate  hunger 
up  to  10  days  at  10°  -  20°  temperatures,  and  it  quickly  dies  at  higher  tempera¬ 
ture,  for  instance  in  12  hours  at  I;0°,  and  in  1-2  days  at  57°» 

Lice  are  very  sensitive  to  high  temporaturos,  and  in  dry  air  at  5^°» 
they  die  in  55  minutes. 

Aooording  to  G.S*  liOSIEG  (193?)*  “ho  microclimates  of  the  places  of 
habitation  of  body  lice,  depending  upon  tho  seasonal  clothing,  are  warm  in 
■pintor,  while  in  the  summer  thoy  are  cool,  cinco  with  warm  winter  clothes,  tho 
tomporature  is  about  5O0  betwaon  tho  clothes  and  the  body  surface,  i.c„,  it 
oorresponds  to  the  optimum  temperature,  while  with  light  summer  clothing  the 
temperature  is  considerably  lower.  Lcnce,  there  is  a  massive  multiplication 
of  liee  in  winter,  and  a  relatively  scanty  one  in  summer. 
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Figure  9,  -  Anatomy  of  tho  internal  organs  of  body 
louse  (l-Iaie)  -  (After  BRUE??,  loi+9 )  • 


LABORATORY  CULTURES  0?  LICE. 


L'ith  tho  provision  of  a  regime  corresponding  to  thoir  biology,  body  lioe 
multiply  vary  well  undor  laboratory  conditions.  The  hero  g  ertir.cnt  toohnical 
proooduro,  elaborated  by  A.V.  PSH3EI CIEIOV  and  2*1.  RAIKKER  (1945)  assure  the 
laboratory  cultivation  of  body  lioe  in  unlimited  quantity  and  for  any  length 

of  time. 


The  basic  conditions  for  a  successful  cultivation  of  body  lioe  are 
the  follovdng  faotoret 
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(1)  A  production  f loci:  is  formed  for  healthy  lice  at  the  ratio 
of  1:1  of  males  and  fomalos. 

(2)  The  lioc  aro  kopt  in  crystallisation  cups  or  othor  cups 
(dishes)  at  a  density  of  ICO  larvr.o  per  k-5  and  100  adult  specimens  per 

3.5  -  U  -m^ . 

(3)  Egg  laying  (nit  laying)  is  produced  on  human  hairs  placed  in 
the  cup,  and  tho  hatching  of  eggs  is  provided  in  a  thermostat  at  35°  -  37  D  at 
80jL>S5^  humidity.  Under  thoco  conditions,  larvao  hatch  from,  the  nits  in  5-6 

days* 

(It)  Tho  larvae  and  tho  adult  forms  are  kept  in  cups  a •;  the  indi¬ 
cated  density  of  specimens  in  a  thermostat  at  52°- 53°  and  SO/L65/»  humidity. 

In  caco  of  double  feeding  under  those  oond itions , tire  first  molting  occurs  after 
5  days,  the  second  after  10-11  days,  and  the  third  afer  Ip-lU  days. 

(5)  Feeding  of  the  lice  naineained  under  the  above  indicated 
conditions  is  done  on  .10 rs  twi co  daily,  morning  and  evening.  Special  small 

"boats"  aro  used  for  feeding. 

Tho  lifo  duration  cf  laboratory  male  lice  is  20-25  days.  According  to 
the  findings  of  our  laboratory,  louse  breeding  according  to  A.V.  rSIidhldl-Z.'OV'  s 
method  is  entirely  successful.  Hero,  fully  satisfactory  results  are  also  ob¬ 
tained  7/ith  thoir  singlo  feeding  on  donors.  In  reoont  years,  however,  in  our 
laboratory  body  lice  aro  usod  which  wo ra  adapted  to  feeding  on  tho  blood  of 
rabbits  (this  race  of  lieo  was  do tooted  in  tho  laboratory  of  A.V.  PSH2VI CHU0V). 
This  louse  raoo,  having  boon  adc.ptod  to  f coding  on  rabbit's  blood  (just  as  also 
a  similar  raoo  obtained  by  FULLER) ,  considerably  simplified  the  work  with  body 
louse  in  conformity  vdth  tho  tasks  of  T?  research. 

Rocontly,  in  agreement  with  tho  findings  of  A.V,  ?3i£XHC2Y0V  and  A.V. 
G3EI.IB0VSICYYA  (i960)  in  our  laboratory  hoai  iico  aro  also  successfully  culti¬ 
vated  at  32°  -33°  degree  of  tsmperaturo  with  humidity  within  kT'^-5&‘  -n 
difforonoo  from  body  lico,  head  lice  require,  however,  four  daily  feedings  on 
donors.  Tho  hatching  of  tho  larvae  from  oggs  (nits)  is  scon  hero  within  a 
range  of  72/ i  to  By*  on  the  6th  to  7th  day  after  egg  laying,  and  tho  length  of 
tho  vholo  developmental  cycle  is  18-20  days.  Tho  percentage  survival  of  head 
lioo  in  laboratory  culturos  is  noted  within  tho  range  of  $5-h0  to  50  days 
(G.K.  DUTOVA,  I963). 


TYPHUS  FEVER  IYFECTIOU  Hi  LICE 


Below  wo  expose  tho  mors  important  experimental  data  on  TF  infection  in 
body  lioo,  including  moro  recant  observations  on  the  same  infoction  in  head  lico. 

Tho  body  louse  is  easily  infected  with  H?r  at  all  stages  of  its  post- 
oabryonal  dovolopmont,  i.o.,  at  tho  larval  stages  and  adult  stages.  Under 
natural  conditions,  lico  aro  infooted  through  blood  sucking  on  T?  patients. 

Under  laboratory  conditions,  lico  can  bo  infected  by  throo  aothods* 

1.  by  fooding  on  sick  parsons; 

2.  by  inoculation  of  infectious  material  by  aniorcor.-sna'  (through 
thin  capillaries)  according  to  VuSIGL,  and  finally, 

3.  by  feeding  infected  blood  through  a  membrane  with  •.  sing  an 
opidormo-mambrane  tukon  from  a  human  cadaver  (of tor  PSHSiriSIGTOV),  c.*  skin  takon 
froa  a  one-day  old  click  (after  FULLER,  HURRAY  and  SlIYDER^), 

^  Recently  one  of  tho  USA  firms  released  artificial  membranes  for  infective 
feeding  of  lioo. 
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I'-oro  recant  v.-orke  on  more  procise  study  of  the  T?  infection,  in  body 
lice,  which  ware  carried  out  during  19142-1943  in  the  laboratory  of  A.V. 
PSHEiriCKIIOV,  wore  accomplished  with  the  employment  of  infected  feed  offered 
to  lico  through  an  epidermal  membrane.  The  essence  of  this  method  consists  in 
the  following: 

In  a  spebial  feeder  in  form  ofasmall  round  metal  cup  of  J-i;  cm 
diamoter,  wo  pour  dofibrinated  or  citratod  blood  of  a  I?  patient',  or  blood  of 
a  normal  person  with  admixture  of  C  virus  of  any  derivation  at  an  appropriate 
concentration.  The  ring-shaped  lid  of  this  fooder  is  provided  with  a  stretched 
out  epidermal  membrane  which  come  in  contact  with  the  froa  surface  of  infected 
blood.  Head  lice  subjected  to  infection,  or,  still  better,  their  larvao  arG 
put  upon  this  nombrano  through  vMch  they  readily  suck  themselves  full  with 
infected  blood.  One  cession  of  infective  feeding  lasts  about  20  minutes  as 
an  average  (with  possible  variations  up  to  L-2  hours),  assuring  a  simul¬ 
taneous  infection  of  the  majority  of  lice  (better  in  the  larval  swage). 

In  our  laboratory  the  mentioned  method  of  A.V.  PSIEIilCKIOV  was 
used  for  a  number  of  yoar3  with  continued  success  (P»L.  SOLITTPi'Ali),  but  lately, 
without  prejudice  to  tho  results,  the  epidermal  moribrano,  which  was  taken- by 
a  speoial  procedure  from  tho  skin  of  human  cadavers,  was  substituted  with  tho 
skin  of  a  one-day  old  chick.  Through  the  latter  and  most  accessible  membrane, 
as  experience  proved,  70-80#  of  the  body  lico  become  infected. 

Let  us  mention  briefly  only  tho  more  important  results  of  I?  infootions 
whioh  were  obtained  with  infeotion  of  body  lice  according  to  tho  mothod  of 
A.V.  PSHENICHNOV  in  the  laboratory  under  his  guidance. 

Those  researches  exclusively  established  first  of  all  tho  high  grade 
susceptibility  of  body  lico  to  IF  infeotion.  Thus,  a  louse-info sting  deco 
(abbreviated:  DIL)  for  larvao  whioh  get  satiated  by  sucking  about  O.Cp  mg  of 
blood,  equals  l/?, 000, 000  part  of  tho  intestinal  content  of  Lymph  II  (i.o., 
larva  of  Stago  III)  at  the  height  of  infection,  which,  according  to -the  data 
of  A.P.  PSHEhlCE.'OV  is  approximatoly  oqual  to  10-20  riokottsiac. 

As  it  war,  established  in  his  time  by  G.  ROCHA-LTIA  (1916),  in  lice  tho 
multiplication  of  riokettsiae  is  iimitod  to  tho  stomach.  Hero,  for  E?r  a  col¬ 
onization  and  multiplication  in  tho  opitholium  is  -typical,  which  as  a  result  is 
destroyed  with  release  of  the  agont  into  tho  intestinal  lumen  and  v.ith  its 
subsequent  excretion  into  -the  external  environment  with  the  excrements  (focal 
IF  virus).  The  intensity  and  speed  of  development  of  T?  rickottsitsis  depends 
upon  tho  siso  of  tho  infective  dose  and  the  temperature  of  tho  outcido  modi urn, 
Tho  importance  of  -tho  latter,  aooording  to  fee  findings  of  A.V.  PSHEaiCHNOV*  s 
laboratory,  it  illustrated  by  -the  follovrtng  relations  (Table  6). 

Table  6 


•‘■enperacuro 


Suscepti¬ 
bility  to 

Infection 

H4-I60 

26-23° 

31»5-32° 

33-34° 

3^*37°  i 

1.  Timo  of  detecting  the 
riokottoiao  (days) 

17-31 

11-25 

ij-6 

3“ -4 

i 

3-^4  ! 

2.  Fercontago  rf  infootion 
of  lioo 

■ 

'  6-13 

20-60 

100 

100 

M 

0 

0 

3»  Intensity  of  infoction 

m 

//// 

m 

• 

m 

- 

////  i 

I-871I 


Pago  22 


In  corroboration  of,  and  as  a  supplement  to  tho  above,  in  a  work  pub¬ 
lished  in  1955*  A.  KERZIG-72IGL  and  S.  KRYIISZI  showed  that  at  22°  on  tho  9th 
day,  rectal  infection  of  lice  causes  only  a  weak  infection  (Figure  10),  which 
afterwards  will  gradually  bocoao  otrongor,  reaching  its  maximum  on  tho  l£th 
day,  when  100/?  of  tho  gastrio  epithelial  cells  gets  attached  (Figaro  ll). 
Aooording  to  the  data  of  the  same  authors  the  body  louse  is  infected. 


Figure  10.  -  Hiokettsia  prowasoki  in  tho  gastric  epithelium 
of  tho  louse  at  the  initial  stage  (21;  h)  of 
infection  (after  R.  ViSIGL). 


Figure  11,  -  Final  stage  of  infection  of  the  lcuco  stomach  by 
Hiokettsia  prowasoki  with  massive  destruction 
and  disquamaticn  of  the  epithelium  (after  R. 
VffilGL). 


evon  at  16°  with  losion  of  the  epithelium  of  tho  stomaeh  on  the  6th  day  in  20$, 
on  the  9th  day  in  l;0$,  and  on  the  15th  day  in  100$.  Moreover,  the  authors  per¬ 
mit  the  possibility  of  dovolopmont  even  at  lov/er  temperatures,  which— as  we 
have  already  seen— was  also  proved  in  the  experiments  of  A.V.  PSHEKICHXOV 
(susceptibility  of  lice  to  infection  at  li;0  -  16°), 

In  cor.tarrdnatod  lice  which  are  kept  at  a  relatively  low  temperature, 
a  latont  infootion  develops*  In  case  of  their  transportation  to  moro  favorable 
thermal  conditions,  tho  infection  is  activated,  and  is  acconoanied  by  abundant 
multiplication  of  R?r  (S .11.  RDCHKOVSKII,  I93U}  A.V.  PSESHICHSOV,  I9I43). 

Tho  TF  infection  is  lothal  for  tho  infooted  body  lies.  Depending  upon 
the  intensity  of  infeotion,  the  life  duration  of  the  infeoted  lice  oam  widoiy 
vary*  within  3  and  31  days  (A.V.  PSHENICiuJQV),  In  ease  of  an  infeotion  of 
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modorate  intensity,  the  lico  got  sick  on  tho  12th-13th  day  after  con  canine- 
tion,  and  they  aio  on  tho  15th  to  18th  day  (LEPII3,  193-S)  •  "ho  cruse  of  doatn 
of  infected  lice  is  evidently  the  rickettsial  intoxication  an A  rhe  destruction 
of  the  epithelial  lining  of  the  stomach.  The  passage  of  lice  through  sickness 
is  accompanied  by  a  rod  imbibition  of  their  bodies  vdth  hez.ogiooj.n. 

In  case  of  rather  strong  infeotion  of  lice  on  the  epidermal  membrane, 
vdth  thoir  subsequent  maintenance  at  32°-32»5°#  vdth  a  relative  humidity 
of  70-80^,  the  movement  of  riokettsial  infection  takos  tho  follovdng  form  in 

thorn. 


In  the  first  four  days  after  inoculation,  the  development  of  rickctt- 
siae  in  the  lice  goes  on  very  slowly,  and  in  thin  period  the  number  of  agents 
does  not  exceed  20,000  -  1*0,000  DIL.  Further  on.  the  infection  progrossivoly 
inereasos,  and  reaches  its  maximum  on  tho  8th  -  9th  day,  provoking  a  mass  death 
among  tho  incocts.  At  this  time,  tho  numbar  of  agents  reaches  2-3-5  million 
DIL  in  tho  larvae  of  Stage  III,  and  up  to  i*  million  in  adult  lico  which—  ac¬ 
cording  to  the  findings  of  A.V.  PSH5NICHN0V,  corresponds  to  approximately 
30-50  million  rickottsiae. 

According  to  observations  in  our  laboratory  (P.L.  SOLITSRk'AI’),  the 
dynamic  change  of  morphology  of  RPr  in  die  infected  lice  proceeds  in  tie  eol- 
lovdng  f'.ra. 

Appearing  in  the  stomach  of  lice,  at  tho  end  of  tho  cocond  or  at  the 
start  of  the  third  day  after  inoculation  on  tho  mombrono,  in  thi3  oarly  phase 
of  infection  tho  riokettsiae  havo  the  form  of  bipolar  rods  b  and  rather  long 
bacilli  c.  Firo  to  six  days  after  infection,  and  sometimes  oven  earlier,  tho 
riokettsiae  giro  tho  imago  of  sharply  marked  plComorphism.  Beginning  from  the 
7th-8th  day,  tho  indicated  divarso  forms  are  exchanged  for  a  homogenous  copula¬ 
tion  of  fino  bacilloid  rickottsiae  b,  which  still  lator  (9th  to  10th  day)  are 
replaced  by  coccoid  forms  a_  and  by  still  finer  "dust-liko"  formations,  obviously 
being  tho  produots  of  a  partial  lysis  (P.L,  SOLI TERI-tAlI ,  19^*8) • 

Suoh  is  tho  gonoral  outlino  of  tho  picture  of  morphological  ch'nges  of 
RPr  which  arc  noticed 'in  infected  body  lice  during  infeotion,  changes  similar 
to  those  which  can  be  obsorvod  in  the  lungs  of  infootod  mico  (?.?.  ZDRCDOYSnII, 
19l;3)  and  in  vmi.ll- standing  cell  cultures  (H.  YU.  kQROZOVA,  ly5p)° 

The  hoad  louse,  as  this  had  beon  shown  at  its  time  by  J.  fiCLDDd-Vkjh 
and  J»  AKD2R50N  (1912),  and  by  Da  2CCHA-LXUA  (1916),  and  lately  corroborated  by 
Soviet  authors  (A.V.  PSKShlCHIIOV,  and  A.V.  GRi£307SKAYA,  1962;  G.il.  PUKYA, 
I963),  in  analogy  with  the  body  louse,  was  successfully  infootod  vdth  FPr  in 
experiments. 

In  our  laboratory,  G.y.  DUTOVA  showed  that  rickettsial  inflation  in, 
tho  head  louse  can  be  made  in  approximately  both  by  thoir  inoculation 

through  a  miero-onoma  according  to  VSIGL'e  method,  and  with  feeding  them  0:1  a 
mombrano  from  a  young  chick’  3  skin.  At  32°-33°  and  a  humidity  of  about  50/>, 
tho  infoction  of  the  stomach  in  the  hoad  louse  is  discovered  from,  tho  i*th~f/th 
day,  reaching  its  maximum  on  tie  9th- 11th  day.  In  experiments  with  intranasal 
infection  of  mico,  on;!  intraporitonoal  and  conjunctival  irfoction  of  guinea 
pigs,  tho  IF  virus  displayed  fully  virulent  properties.  As  in  body  lico  also, 
in  tho  infootod  hoad  lice  tho  RPr  is  exoretod  with  the  focalia  at  a  virulenco 
of  the  latter  for  guinea  pigs  iQ  a  dose  of  10“ 5  at  intrap  -  .Pononl  infection. 

Thus,  according  to  experimental  findings,  under  suitable  conditions  tho 
hoad  louse  can  be  obviously  a  source  of  IF  infection  for  man.  For  the  under¬ 
standing  of  tho  mechanism  of  transmission  of  tho  T?  virus  from  lice  to  man, 
it  is  decisive  that  in  infected  lice,  the  rickettsial  virus  is  absent  from  tho 
salivary  glands  (Da  ROCHA- LIMA,  1916),  and  is  excreted  from  the  intestines  vdth 
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tho  excrements.  Thcroforo,  infection  of  &  human  being  cannot  occur  by  a  louse 
bite  as  such,  and  the  actual  source  of  IF  infection  for  man  (r.ct.  to  conoid or  tho 
crushing  of  lice)  is  tho  fecal  virus  excreted  by  infected  lice  which  penetrates 
into  the  organism  through  tho  injured  skin  (scratches)  and  through  the  mucous 
membranes  (conjunctival  sac  of  tho  eye,  mucoral  meribrano  of  the  respiratory 
pathways ) •  Groover,  at  tho  evaluation  of  the  fecal  rickettsial  virus  cf  in¬ 
fected  lico  as  the  main  infective  material  for  man,  it  is  also  necessary  to 
consider  that  in  a  desiccated  condition  this  focal  virus  displays  marked  re¬ 
sistance*  ^11  tho  mentioned  material  requires  that  tho  question  of  focal  Tr 
virus  should  be  specially  discusBOd* 


FECAL  TF  VlftUS  CF  LICE. 

Contrary  to  dive  original  idea  of  Ch.  XICHOLLE  on  the  rapid  death  cf  the 
IF  agent  in  the  external  medium  (XICHOLLE,  1920),  tho  researches  cf  English 
authors  showed  already  in  1922  that  in  the  dry  focalia  of  lico  tho  H?r  pre¬ 
serves  its  infeotiousnecs  for  11  days  (J .  AHX7.TJIG3I  and  A.  BACOT,  1922).  -ho so 
findings  did  not  get  proper  attention,  however,  and  thoir  importance  beosno 
evident  only  in  recent  years.  It  should  bo  montioned  that  in  1936  3.  It-H-IhA 
(Yf&rs&w)  discovered  virulent  RPr  in  dried-out  lice  and  their  fecalia  vhich 
were  presorvod  in  a  refrigerator  for  27  months— a  period  of  time  which  caused 
a  lot  of  skeptical  attitude  on  the  part  of  many  authors  (Cf.  in  LEPIUE,  19 J3), 

Later  on,  however,  H.  STARZYK  (193^-193^),  using  biotests  on  guinea 
pigs,  established  that  in  the  dried  out  feoalia  of  infected  lice  at  5°  -  7°  in 
ordinary  atmosphere,  RPr  are  keeping  their  vital  capacity  for  66  days. 

Tho  same  author  found  in  later  investigations  (19U&)  that  tho focal 
virus  on  sheop  wool  with  ordinary  maintenance  survives  at  keeping  its  virulonco 
12  months  and  25  days, 

Ti-.o  findings  of  Polish  authors  in  regard  to  tho  reel -banco  of  HPr -in 
the  dry  focalia  of  irioctod  lice,  found  later  corroboration  by  many  invest4. 
tors  who  to  a  considerable  degree  made  sore  precise  a  number  of  factors  which 
have  on  offoct  upon  tho  preservation  of  the  feoal  virus, 

Thuo,  S.  CHAO  (I9UU)  investigated  the  capacity  of  preservation  of  rfPr 
in  the  fecalia  of  infeotod  lioe  depending  upon  temperature  and  humidity.  «ir, 
obtained  results  are  eunn&ritod  in  Table  7* 

TA3LB  7 


1 

Temporature  | 

Humidity 
in  % 

i 

Time  of  survival 
in  days 

A'imo  of 
death 
in  days 

Remark 

3-6° 

60-70 

20 

Ul 

Experiment  at 

10-20° 

30-60 

11*5 

190 

room  temperature 

25-26° 

30-35 

50 

130 

Humidity  75>« 

25-28° 

75-90 

19 

25 

Thus,  the  quoted  experiments  of  CHAO  illustrate  tho  effect  of  humidity 
upon  the  preservation  of  RPr  in  the  fecalia  of  lice,  with  tho  most  favorable 
influence  of  relatively  dry  air  upon  then  at  moderate  temperature. 

U,  KITAOKA  and  A,  SHISHIDO  (1950),  in  their  turn,  found  that  tho  fecal 
TF  virus  of  lice  shows  an  inf  actively  to  guinea  pigs  two  hundred  and  thirty- 
three  days  after  keeping  it  at  room  temperature,  but  it  proved  to  be  inactive 
at  lta  testing  after  a  121-day  storage  at  0°  -  5°, 


Finally,  lately  F.  7GYER  (1959)  in  the  Ksmiburc;  Institute  demonstrated 
that,  on  tho  p re solvability  of  BPr  in  louse  feoalia,  in  addition  to  external 
conditions,  tho  individual  properties  of  Rickettsia  strains  may  also  have  a 
substantial  influence  which  strains  can  be  stable  or  labile. 

Thus,  for  tho  Cairo  strain  the  author  showed  that  at  room  temperature 
its  focal  virus  is  maintained  vitally  capable  and  virulent  for  35  days,  with 
negative  rosults  of  testing  after  37- 6U  days.  Horc,  in  individual  experiments, 
death  of  rickottsiao  was  detected  also  in  shorter  times  (6- 10th,  ll-lkth, 
l6-20th,  21st  day).  At  the  some  timo ,  in  identical  experiments  with  the  Tunis 
strain,  the  storage  of  the  fecal  virus  of  lice  was  accompanied  by  tho  death 
of  riokettsiae  21,  jU  5h  days  later* 

In  a  second  series  of  experiments  on  tho  preservation  of  focal  virus 
of  infeoted  lice  in  a  refrigerator,  for  the  Cairo  strain  the  rickotticae  wore 
found  in  vital  capacity  until  75  days  (ll*  favorable  tests  out  of  16),  while 
in  similar  experiments  with  the  Tuni3  strain  the  rickottsiae  wore  maintained 
in  vital  oapaoity  only  for  32-140  days* 

Generalising  his  personal  observations,  and  tho  above  quoted  data  cf 
the  literature,  in  hi 3  work  Y32IEP.  corns  to  the  following  objectively  founded 
conclusions* 

1.  R?r,  oxcretod  bv  infeoted  lice  into  tho  cutsido  environment 
with  the  excrements  (focal  virus),  under  natural  conditions  displays  vary 
high  resistance  in  comparison  with  any  other  of  its  forms,  which  in  its  turn 
is  of  groat  importanco  both  for  the  pro solvability  of  the  species  of  rickot¬ 
tsiae  and  for  the  infootion  of  human  beings  with  TF. 

2.  The  vital  oapaoity  of  RPr  oxeroted  with  the  oxcrGmont  cf 
infected  lico  deponds  upon  individual  peculiarities  of  tho  strain,  temperature 
of  the  outside  or.vlrcrx.ant,  and  humidity.  The  optimum  conditions  for  keeping 
feoal  IF  virus  of  infected  lice  arc  low  tomporature  and  dry  air. 

R robably,  the  surviving  capacity  of  tho  fecal  virus  in  external  en¬ 
vironment  is  also  influenced  by  other,  Etill  unknown  factors. 

In  supplementing  tire  abovo,  G.ll.  BUTOVA  (I962-I965)  showed  in  our 
laboratory  that  in  the  fccalia  of  infected  herd  lice  tiro  iv?r  can  be  preserved 
in  vital  oapaoity  in  virulent  condition  for  3  months  at  room  terpernturo 
18°  -  20°,  in  a  thermostat  at  3?°»  and  in  a  refrigaratsr  at  /  1*  ami  at  a 
variation  of  humidity  within  1{J%  and  60/'*.  According  to  the  data  of  L.H. 
ASTAKHOVA  (I95U),  of  the  laboratory  of  A.V.  PSHS3ICKXGV,  in  tho  focalia  of 
infeoted  lice  under  similar  conditions  at  room  temperature  tho  S?r  can  sur¬ 
vive  125  days,  and  in  a  refrigerator  it  can  survive  for  a  whole  year  1). 


1/ 


L.K.  ASTAKHOVA:  Materials  on  tho  Pro  solving  Capai  .ty  of  'IF  Rickettsiae. 
Candidate  disseration.  ?erm*.  1951;)* 
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EXPERIMENTAL  F0R1.S  OF  TIPHOS  FEVER  INFECTION  IN  ANIMALS 


la  the  works  on  IF  of  researoh  and  applied  iEporter.ee,  the  experimental 
fotns  of  reproducing  this  infection  in  aninals  occupy  a  prominent  place*  ^ence, 
the  related  information  in  regard  to  various  animals  is  briefly  given  in  the 
follovdng  manner* 

Rhesus  nonlreys  -  show  a  rather  strong  susceptibility  to  RPr. ,  by  be¬ 
coming  rfl^uiarly  ln-t'eQ-fcfli*  not  only  parents  rally,  but  also  at  putting  the  IF 
virus  on  mucous  membranes,  especially  into  the  conjunctival  sac  of  the  eye* 
However,  the  susceptibility  of  monkeys  to  IF  should  not  be  overrated*  Thus, 
o* g* ,  at  the  immunisation  of  monkeys  with  the  attenuated  (vaccinal)  2  strain 
of  RPr  under  oomparable  conditions  a  worse  effect  is  found  than  in  guinea  pigs* 
This  is  explained  by  the  relative  susceptibility  of  the  Rhesus  monkey  to  IF* 


In  case  of  an  effective  infection,  after  an  incubation  period  of  some 
length  of  time  vhich  varies  according  to  virulence,  dose  and  mode  of  intro¬ 
ducing  the  agent,  in  monkeys  a  marked  fever  of  many  days'  duration  appears 
which  usually  remains  the  only  symptom  of  the  ailment,  ending  with  full  re¬ 
covery  with  the  presence  of  a  well  marked  immunity  to  re-infeotion* 


bodies 

°V 


The  TF  infection  in  monkeys  is  aooompanied  by  the  formation  of  anti- 
*  These  are  manifested  in  a  positive  TJEIL-FELI  reaction  with  Proteus 
and  in  serological  reactions  with  an  antigen  mode  of  RPr* 


Guinea  pigs  -  display  a  proportionate  sensitiveness  to  T?  infection, 
more  markoc  in  comparison  with  Rhesus  monkeys,  but,  aooordlng  to  the  data  of 
A.V.  PSEoNICHNOV  (I9ldi),50  to  100  times  less  so  in  comparison  with  man.  In 
guinea  pigs  an  experimental  infection  is  produced  by  all  methods  of  parenteral 
inoculation  of  TF  material  of  any  derivation  (blood  and  organs  of  sick  people 
end  si ok  animals,  intestine  end  its  content  taken  from  infected  lioe,  cultures 
of  RPr). 


Figure  12*  -  Fever  curve  of  the  guinea  pig.  Experimental 
epidemio  typhus  fever*  Passage  infection 
with  oerebral  virus*  Febrile  reaction. 


According  to  the  findings  of  D.  COMBIESCO  (I9I4I),  infection  also  arises 
in  guinea  pigs  vhen  the  TF  virus  is  placed  on  the  slightly  injured  skin  (shaving 
epilation),  and  when  it  is  instilled  into  the  conjunctival  sac  of  the  eye* 
Transplaoentar  infection  is  also  possible  (COMBIESCTJ  et  al*,  1933)* 

A  generally  aooepted  method  of  guinea  pig  inoculation  is  the  intraperi- 
toneal  method* 
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In  the  inoculated  guinea  pigs  the  incubation  period  varies  free:  5-6  to 
lit-16  days  and  sore,  depending  upon  the  peculiar! ties  end  adaptation  cf  the 
virus*  its  dose*  and  title  node  of  inoeulaticn*  The  febrile  reaction  of  contin¬ 
uous  or  irregular  type*  with  a  rise  in  temperature  up  to  i*C°  and  higher  (when 
the  temperature  is  measured  in  the  reotua  with  a  veterinary  thermometer)  lasts 
5-10  days  as  an  average*  with  variations  between  3-U  and  11-15  days  (Figure  12)* 
Some  times  in  the  inooulated  guinea  pigs  asymptomatic  forms  of  inlcotion 
("l’ infeotion  inapp areata" )  are  observed  which  run  vi  th  normal  temperature 
(CH.  NICOLLK  and  S.  LEBAILLY,  1919)*  Under  experimental  conditions*  these  in- 
apparent  forms  can  be  reproduced  by  inoculating  the  guinea  pigs  with  a  mixture 
of  twmwwfl  serum  and  virus  (DOERR*  SCHNA32L  et  al*  1921)* 

Acoording  to  the  observations  of  A.V*  PSHENICHNOV  (19J4U)*  at  the  height 
of  infection  the  IF  virus  is  distributed  in  the  follovdng  ordor:  —  maximum 
concentration  in  the  brain*  sup  rare  aals  turd  spleen;  considerably  smaller  con¬ 
centration  in  the  blood  sad  internal  organs*  The  virus  is  absent  in  the  urine* 
The  brain  gets  infeeted  after  2lj-28  hours  before  the  elevation  of  temperature* 

It  keeps  the  infeotive  oapacity  during  the  entire  fobrile  period*  and  it  oan 
stay  infeotive  up  to  20  days  after  the  ond  of  fever  (quoted  after  LEPINE,  1958)* 
Aooording  to  the  data  of  E*H*  SINYAX  (from  the  laboratory  of  0*S*  HOSING*  1955)* 
in  inooulated  guinea  pigs*  RPr  oan  be  found  almost  always  in  the  kidneys  by  a 
biotest  on  lioe  up  to  the  21st  day  of  eonvalesoenoe*  and  in  same  oases  they  oan 
keep  on  until  the  3rd  month  (3  observations)* 

The  brain  of  inooulated  guinea  pigs  (in  case  of  virulent  TF  virus)  may 
contain  up  to  50*000  -  100*000  infeotive  doses* 

Tilhon  male  guinea  pigs  are  inooulated  with  passage  material  (especially 
with  brain)*  the  sarotal  phenomenon  (riakottsial  ooriorohitis)  is  usually  ab¬ 
sent*  ?et*  in  some  oases  in  epidemio  (or  3poradioJ  IF*  "intermediate"  strains 
(R.  prowazeki  var*  ihtarmodia;  are  isolated  from  the  patients,  which  at  in- 
ooulatloa  of  guinea  pigs  will  provoke-  the  formation  of  a  typioai  periorchitis 
with  the  aooumulation  of  riokettsiao  in  the  nasotholium  of  the  tunioa  vagina¬ 
lis  of  the  testes  cad  of  the  peritoneum,  regardless  of  the  character  of  In- 
feotious  material  inooulated  into  them  (blood  of  nationts,  brain  from  passage 
animals)  (E.K.  GOLINEVICH*  1950).  , 

TF  virus  strains  vhioh  produoo  mild*  transitory  forms  of  periorchitis 
were  also  desoribed  by  ZINSSER  (1932)* 

Togothor  with  this*  tho  intraabdominal  introduction  of  sufficient  doses 
of  RPr  suspension  of  any  derivation  in  male  guinea  pigs.  e*g.*  a  suspension  of 
riokettsiao  bred  in  oulture  (quoted  after  ZINSSER*  1932),  but  ovon  a  suspen¬ 
sion  from  the  intestine  of  infeoted  lioe  (H.K*  KR0NT0VSKA.IA.,  and  E*P*  SAVITS¬ 
KAYA,  I9I4I),  will  regularly  provoke  a  speoifio  periorchitis  with  aooumulation 
of  riokettsiao* 

The  IVeil-F elix  reaotion  with  Froteus  OX.  antigen  is  absent  in  TF 
guinea  pigs*  but  their  serum  specifically  agglutinates  RPr*  and  gives  a  00m- 

? lament  binding  reaction  (CBR)  with  an  antigen  prepared  from  -these  riokettsiao 
particularly  regularly  3-k  weeks  after  inoculation).  Vie  mention  favorably 
that,  undor  the  control  of  complement  binding  reaotion  as  an  indicator  of 
infection,  it  is  customary  to  titrate  on  guinea  pigs  the  infeotive 

dosage  of  IF  virus  (e.g**  the  eggcultur?  of  RPr,  rhich  for  -fchis  purpose  ie 
used  in  decreasing  dilutions*. *10“ ?,  10“^,  1CT?,  10“®. 

The  initial  production  of  TF  infeetion  of  guinea  pi^j  is  best  done 
with  their  Intraabd ominai  iuocu-anioa,  using  3-5  ml  blood  taken  from  the 
initial  period  of  fever  (it  is  best  during  the  first  five  day's  of  sickness)* 
Inoculation  with  an  emulsion  made  from  a  olst  of  eoagulated  blood  net  only 
simplifies,  but  also  increases  the  cianoos  of  produolng  an  infection  (GIHOUD), 
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At  the  Initial  iafeetion  with  blood  from  a  patient,  in  the  inooulated  guinea 
pigs  the  fever  of  typhus  is  usually  deteoted  after  a  long  inoubation  of  ll+- 
16  days,  a  period  whioh  is  gradually  shortened  at  subsequent  brain  passages; 
meanwhile  it  does. not  reaoh  a  fixed  value. 

The  passing  of  virus  from  pig  to  pig  oan  be  done  regularly  vdth  sub¬ 
sequent  intraabdominal  inooulations  of  a  brain  emulsion  (l  ml  of  a  $-10% 
emulsion)  taken  from  a  guinea  pig  whioh  was  hilled  at  the  height  of  the  fe¬ 
brile  period.  Stable  strains  of  IF  oan  be  thus  maintained  on  guinea  pigs  in¬ 
definitely  long.  Thus,  e,g,,  the  RA.BT  strain,  isolated  from  a  patient  id  the 
laboratory  of  CH,  NI COLLS  in  April  1921;,  was  maintained  continuously  and 
without  notioeable  ohanges  in  passages  on  guinea  pigs  until  the  date  of  the 
author's  jubilee  in  1959#  i#««#  for  the  length  of  35  years  (SPARROW,  1959)* 
The  same  is  true  for  the  generally  knowi  strains  of  OTTO,  TEIGL  and  so  on, 
Braixv>passage  virus  from  guinea  pigs  keeps  its  pathogenic  proporties  also  for 
man,  as  this  was  proved  in  1921  by  E.  SPARROW  in  Warsaw  in  a  test  on  self- 
infeotion  with  a  guinea  pig  brain  emulsion  of  the  35th  passage. 

In  oonolusion,  it  should  be  pointed  out  that  the  intraabdominal  in- 
ooulation  of  guinea  pigs  with  RPr  in  euffioient  dosage,  regardless  of  the 
origin  of  riokettsial  material,  in  addition  to  the  above  described  perior¬ 
chitis  (in  males),  will  oause  a  speoifio  peritonitis  with  multiplication  of 
riokettsiae  in  the  mesothelial  oeils  of  the  peritoneum  and  the  tunica 
vaginalis  (P»F.  ZDSODOVSm,  191*3). 

In  guinea  pigs,  peritoneal  IF  riokettsiasis  runs  with  fever  whioh  is 
manifested  on  the  2nd-3rd  day  after  inoculation,  reaohes  its  maximum  on  the 
l*th-5th  day  and  then  it  oeases  by  the  end  of  a  week  (Figure  13), 


Figure  13*  -  Fever  ourve  of  the  guinea  pig.  Peritoneal 
riokettsiasis.  Inoculation  with  an  egg 
culture  of  RPr.  Febrile  and  sorotal  reaction. 


Autopsy  of  infeoted  male  guinea  pigs  at  the  height  of  infeotion  (l;th-5th  day), 
together  with  a  riokettsial  periorohitis  of  purulent  or  fibropurulent 
character,  reveals  the  preeenoe  of  a  speoifio  peritonitis  with  adhesive  scanty 
exudate  that  covers  the  peritoneum.  In  sorapings  from  the  testioular  mem¬ 
branes,  the  olassieal  pioture  of  riokettsiasis  ie  displayed  with  abundant 
multiplication  of  the  agent  in  the  mesothelial  cytoplasm.  But  in  sorapings 
from  the  peritoneum,  here  are  very  frequent  the  characteristic  thread-like 
riokettsiae,  onoe  individually,  onoe  in  mass  filling  up  the  mesothelium. 

In  guinea  pigs,  peritoneal  riokettsiasis  is  very  demonstratively  re¬ 
produced  at  intraabdoninal  inoculation  of  a  suspension  made  from  a  mouse 
lung  (see  below),  With  the  aid  of  peritoneal  exudate,  including  sorapings 
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from  the  peritoneal  eoatings,  peritoneal  riokettsiasis  oan  be  passed  from  pig 
to  pig,  but  it  gets  weak  already  in  the  next  subpassage  (P.F.  ZDRODOVSKII ; 

P.F*  ZDRODOVSKII  and  E.U.  GQLINEVICH,  19I48).  Peritoneal  rickettsiasis  in  guinea 
pigs  usually  runs  a  benign  course,  and  only  rarely  ends  in  death* 

The  indioated  form  of  peritoneal  riokettsiasis  in  guinea  pigs  is  chara¬ 
cteristic  for  epidemic  1 S',  however,  it  is  not  successful  even  vdth  the  related 
rat  for  vdiich,  at  similar  inoculation,  the  formation  of  periorohitis  is 
oharaoteristio,  without  lesions  of  the  peritoneal  ooats  of  the  abdominal  cavity. 

The  passage  through  a  IF  infection  in  any  of  its  forms  produces  per¬ 
manent  homologous  immunity  in  guinea  pigs,  and  usually  a  cross  immunity  to  the 
agent  of  rat  IF*  Sera  of  oonvalesoent  guinea  pigs,  in  addition  to  the  sero- 
logioal  reactions  with  an  antigen  made  from  RPr  (agglutination  reaction,  com¬ 
plement  binding  reaction,  and  so  on)  will  display  proteotive  properties  for  not 
leas  than  6  months'  duration  (time  of  observation— P.F.  ZDRODOVSKII ,  19148)* 

In  addition  to  the  above  desoribed  oyolically  proceeding  febrile  re¬ 
action,  in  association  vdth  the  immunological  serum  and  antiinfective  indices, 
in  3F  guinea  pigs  pathologioal  anatomical  ohanges  develop  which  are  oharaoter¬ 
istio  for  this  infection*  These  ohanges  are  in  form'of  nodular  lesions  of 
small  vessels,  espeoially  in  the  brain* 

In  agreement  with  all  the  above  stated  material,  the  guinea  pig  is  a 
model  animal  in  all  laboratories  for  the  experimental  reproduction  of  TF  infection. 

Rabbits  are  not  very  sensitive  to  BPr  and  in  ease  of  the  usual  method  of 
parenteral  inoculation  they  respond  with  an  asymptomatio  infection  of  brief  viral 
invasion  of  the  internal  organs  which  is  roughly  after  a  10-day  incubation  per¬ 
iod  (CH.  NICOUJS  and  BLAIZOT,  1916;  D03RR  &  PICK,  X919)*  la  oase  of  intratosti- 
oular  inoculation  of  rabbits,  multiplication  of  rlckettslae  is  regularly  ob¬ 
served  in  the  testioular  tissue  for  a  period  of  II4.  days,  which  makes  possible 
to  pass  the  infection  from  testiole  to  testiole  (A.A.  GRSENFELD,  A.I.  SEREB- 
HYANAYA  and  N.V.  HEIMER,  1933)*  Intraoutaneous  inoculation  of  rabbits  oauses  a 
oharaoteristio  looal  lesion  with  strong  inflammatory  reaction,  terminating  in 
looal  neorosis  ( GEIROTJD).  In  differenoe  from  guinea  pigs,  all  the  listed  forms 
of  IF  infection  in  rabbits  are  associated  with  a  positive  Vfeil-Felix  reaction 
with  Proteus  OX^. 

Together  with  the  indioated,  later  examinations  established  that  in  oase 
of  a  traoheal  inoculation  with  sufficient  dosage  of  rickettsial  suspension  (e.g. 
suspension  of  a  riokettaial  lung  of  an  infeeted  mouse)  in  combination  vdth  sim- 
lutaneous  lowering  of  the  temperature  with  barbiturate  anesthesia  to  370  or  low¬ 
er,  Just  as  in  the  oase  of  rat  riokettsiasis  (CASTANEDA,  1939),  a  specif io 
pneumonia  develops  in  rabbits  with  ample  accumulation  of  RPr  in  the  lungs  72 
hours  after  inoculation  (P.F.  ZDRODOVSKII,  I9I42-I9U3), 

In  rabbits,  at  intraabdominal  inoculation  of  a  sufficiently  large  dosage 
of  HPr  (e.g.,  a  suspension  made  from  two  rickettsial  lungs  of  an  infeeted  mouse), 
in  combination  with  reduction  of  temperature,  in  analogy  vdth  the  previous  ex¬ 
periment,  a  severe  or  fatal  form  of  speoifio  peritonitis  and  periorohitis  deve¬ 
lops  with  abundant  multiplication  of  BPr  in  the  cells  of  the  peritoneal  aesothe- 
lium  and  in  the  tunica  vaginalis  whose  serous  cavity  is  filled  vdth  purulent 
exudate  oontaining  huge  amounts  of  riokettsiae  (P.F.  ZDRODOVSKII,  192*3). 

At  simultaneous  inoculation  of  the  lung  through  the  traohea  and  of  the 
abdominal  oavity,  with  the  use  of  the  above  desoribed  methodology,  a  pulmonary 
and  peritoneal,  usually  fatal  riokettsiasis  is  produced  in  rabbits  with  abundant 
colonisation  of  the  infeoted  cavities  with  HPr  (p.p.  ZDRODOVSKII,  I9I43). 

Finally,  in  case  of  inoculation  of  RPr  into  the  anterior  chamber  of  the 
eye,  in  rabbits  a  speoifio  iridoeyolitis  develops.  An  external  ocular  lesion  is 
initially  detected  a  few  days  after  the  inoculation  in  the  form  of  pericorneal 
injection,  and  hyperemia  of  the  iris.  Further  on,  the  inflammation  increases 
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progressively*  spreading  to  the  oornea  and  the'  iris*  and  it  ends  with  the  pic¬ 
ture  of  a  pannus.  Later  on*  the  inflammatory  process  gradually  oeasos*  and  it 
ends  in  full  reoovery  with  restoration  of  vision  (T.V.  BOCHAROVA,  19^8  et  al). 

With  the  usual  methods  of  parenteral  inoculation  nice  and  rats  yield  an 
asymptomatic  form  of  IP  infeotion  which  is  getting  weaker  in  mice  after  3-4 
passages  (J.  LEGRAIT,  &  JADIN  1932;  1933)  et  al). 

Intranasal  inoculation  of  mice  under  either  anesthesia  v/ith  a  mixture  of 
RPr  usually  oauses  a  lethal*  easily  passable  pneumonia  in  them  v/ith  nmole  accumu¬ 
lation  of  riokettsiae  in  the  lungs  (DURAND  &  SPARROW,  1940}  U.'J.  MAEVS5II,  1941, 
et  al)*  with  simultaneous  presenoe  of  the  virus  without  different  riokettsiae  in 
the  blood*  brain  and  in  all  internal  organs  (M.M.  KAEVSKII,  1945).  In  oase  of 
mouse  pneumonia  espeoially  abundant  multiplication  of  riokettsiae  occurs  in  the 
septal  cells*  otherwise  the  so-called  alveolar  epithelial  cells  (A.P,  AVTSYN,  19U5) 
whioh  are  fully  loaded  with  a  huge  amount  of  small  riokettsiae.  In  connection 
with  the  abundant  aooumulation  of  riokettsiae  in  the  mouse  lung,  the  production  of 
a  pulmonary  form  of  TF  is  the  most  productive  method  in  them  for  a  mass  acquisi¬ 
tion  of  RPr,  as  this  was  shown  by  Frenoh  and  Soviet  authors  ( GIROUD  and  collabora¬ 
tors)  M.  MAEVSKII,  and  collaborators)  M.K.  KRONTOVSKAYA  and  collaborators). 

In  difference  from  rat  TF  whieh  is  oaused  by  R.  mooseri,  intraabdominal 
inoculation  of  mice  with  RPr  under  the  usual  conditions  is  without  results.  tore 
exaotly,  it  oauses  only  an  asymptomatio  infection.  On  the  contrary,  in  mice 
wlii oh  are  preliminarily  subjected  to  x-ray  radiation,  intraabdominal  inoculation 
oauses  a  fatally  running  rickettsial  peritonitis*  easily  passable  to  irradiated 
mi  os  by  way  of  subsequent  intraabdominal  subgrafts  of  the  peritoneal  exudate 
(P.  LIU,  J.  SNYDER,  J.  ENDERS,  I9J4I). 

Similar  inoculation  of  benzol  treated  or  irradiated  rats  with  a  RPr  sus¬ 
pension  remains  without  results  in  difference  from  the  experiments  with  R,  mo¬ 
oseri  inooulation  vhioh  in  suoh  rats  produces  intensive  forms  of  a  specif io 
peritonitis  (ZINSSER  and  CASTANEDA,  1931  -  1932). 

Even  though  rats  are  very  sensitive  to  O’  infeotion,  yet  they  can  be 
well  used  for  the  titration  of  RPr  suspensions  by  their  intraabdominal  inocula¬ 
tion  with  diminishing  doses  of  xlckettsial  suspensions  under  the-  control  of  com¬ 
plement  binding  reactions  3-U  weeks  after  infeotion.  Such -tests  on  rats*  compared 
with  guinea  pigs  (see  above),  usually  give  a  reduction  of  titre  only  by  one 
logarithmio  index. 


Cotton  rats,  according  to  the  observations  of  American  authors  (SYNDER  & 
ANDERSON,  1942)  ANDERSON  I9I1U),  show  a  very  high  sensitiveness  to  RPr.  Their  in¬ 
oculation  suooeeds  with  intraoardiao  and  intraoerebral  introduction  of  the  virus; 
moreover,  the  infeotion  can  be  easily  maintained  in  passages.  Particularly  often, 
they  use  here  intracardiao  inoculation  with  the  employment  of  liver  suspensions  in 

Passages.  In  this  suspension,  we  observe  the  maximum  concentration  of  riokettsiae 
it  is  used  as  0.1  -0.2  ml  centrifuged  liver  suspension,  rubbed  down  in  lj-5  ml  of 
bouillon).  At  an  excess  dosage  of  riokettsiae,  the  IF  infeotion  in  ootton  rats 
runs  as  an  aoute  ailment,  ending  in  death  in  2-4  to  6-8  days  after  inooulation. 

-At  autopsy  of  dead  animals*  the  picture  of  disseminated  riokettsiasis  is  found 
with  maximum  concentration  of  the  agent  in  the  brain  and  liver*  At  intranasal 
inoculation*  in  cotton  rats,  just  as  in  miee,  rickettsial  pneumonia  is  easily  re¬ 
produced.  Acoording  to  the  data  of  PRICE  1953)*  in  the  brain  and  kidneys  of  in- 
feoted  ootton  rat6  RPr  are  preserved  up  to  5  months,  and  after  a  more  recent 
observation  of  F.I.  KRASNIKI1963),  for  more  than  6  months. 


For  the  oharaoteristios  of  the  sensitiveness  of  ootton  rats  to  IF  infec¬ 
tion,  espeoially  indicative  are  the  observations  of  FULLER  (1953),  In  parallel  ex¬ 
periments  of  inoculating  body  lioe  and  ootton  rate  with  identioal  doses  of  an  egg 
culture  of  RPr  (in  the  range  of  dilutions  10-3  -  to  10”®,  under  control  of  immuno¬ 
logical  indices,  the  author  revealed  an  approximate  sensitiveness  in  lioe  end  oot¬ 
ton  rats  of  IF  virus.  In  similar  experiments  of  titrating  the  brain  IF  virus  of  a 
guinea  pig,  which  was  done  in  our  laboratory,  it  was  also  shovaa  that  tho  sensiti¬ 
veness  of  ootton  rats  to  inooulation  vdth  this  virus,  when  the  infection  in  cotton 


rats  is  determined  by  complement  binding  reaction  after  a  month's  period  approaches 
the  sensitiveness  of  body  lioe  (N.6.  KOKCHEEVA,  &  V.A.  YABLOHSKAYA,  1954) 0 
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CLINICAL  PICTURE  OF  TYPHUS  FEVER 

The  clinical  picture  of  TF  was  described  in  great  detail  in  the  domestic 
literature  by  highly  competent  specialists  in  infectious  diseases  in  appropriate 
manuals  and  special  monographs  (K.F.  FLEROV,  1914;  D.D.  PLETNEV,  1920,  N.K. 
ROZENBERG,  1920,  1936;  G.A.  IVASHENT3EV,  1948;  A.M.  SEGAL,  1934;  N.I.  RAGOZA, 
1946,  1955;  A.F,  BILIBIN,  and  K.F.  BUNIN,  1956;  K.M.  LOBAN,  1960),  not  to  men¬ 
tion  then  the  many  journal  articles  on  pertinent  partial  problems. 

Below,  for  the  sake  of  completeness  of  exposing  the  problem,  only  the 
most  general  information  is  given  on  the  clinical  picture  of  TF  whose  descrip¬ 
tion  .is  separate  for  epidemic  and  for  sporadic  TF. 

EPIDEMIC  TYPHUS  FEVER. 

The  clinical  picture  of  epidemic  TF  in  its  most  general  outlines  can  be 
characterized  in  the  following  manner. 

The  incubation  period  is  usually  10-12  days  (with  possible  variations, 
by  the  data  of  HAMDI,  from  S  to  23  days.  In  a  self-inoculation  tests  made  by 
O.O.  MOCHUTKDVSKII  the  incubation  period  was  18  days).  According  to  the  data 
of  N.K.  ROZENBERG  (1936),  the  length  of  incubation  can  vary  from  8  to  13-14 
days.  D.D.  PLETNEV  (1920)  pointed  out  that  the  incubation  period  varies  more 
often  from  7  to  14  days,  with  a  rarity  of  the  extreme  dates  (shorter  and  longer) 

The  fever  is  characterized  by  rapid  or  slower  rise  of  temperature  which 
in  the  latter  case  reaches  a  maximum  by  the  3-4th  day  (Figure  14).  In  the  first 
period  of  the  disease,  the  type  of  fever  is  steady,  while,  from  the  9th  to  11th 
day  on,  it  has  a  remittant  character.  At  the  height  of  fever  development,  the 
temperature  reaches  40°  -  41°  and  more  (Figure  15).  The  duration  of  fever, 
according  to  the  data  of  L.V.  GROMASHEVSKII  (1947),  varies  from  9  to  16  days. 
Moreover,'  in  the  majority  of  cases  (66.17.)  it  is  12-16  days.  Sometimes  the  fe¬ 
brile  period  is  9-11  days  (15.27.)  or,  on  the  contrary,  it  lasts  17-21  days  (177.) 
But,  as  the  author  emphasizes,  a  length  of  fever  more  than  16  days  is  obviously 
due  to  complications. 


Figure  14.  -  Fever  curve  of  a  patient  of  epidemic 

typhus  fever  (after  D.D.  PLETNEV,  1920). 

The  fever  ends  critically,  or  with  an  accelerated  lysis  (K.F.  FLEROV, 

1914) . 

The  exanthema  (rash)  is  a  characteristic  symptom  of  the  disease,  and  it 
is  absent  only  in  a  limited  number  of  cases  (in  67.  -  87.  according  to  N.K. 
ROZENBERG).  It  appears  from  the  3rd  to  the  5th  day  on,  reaching  its  bloom  on 
the  5th-6th  day  (K.F.  FLEROV).  At  the  beginning  the  rash  appears  on  the  chest, 
spine,  abdomen,  and  then  it  spreads  to  the  extremities.  On  the  face  it  is 


1-8711 


Page  32 


rarely  seen.  Sometimes  it  can  be  on  the  palms  and  soles  (K.F.  FLEROV,  N.K. 
ROZENBERG).  The  rash  can  vary  in  its  character.  Beginning  in  the  form  of 
roseolae,  it  can  later  take  a  petechial  character.  In  other  cases,  it  can  be  a 
petechial  rash  from  the  beginning.  Finally,  in  some  usually  benign  cases,  the 
rash  remains  roseolar  papular.  In  cases  of  medium  severity  it  lasts  until  the 
12th  to  14th  day,  and  in  severe  cases,  it  can  remain  for  some  time  even  after 
the  end  of  fever  (K.F.  FLEROV). 

The  nervous  system  is  damaged  constantly,  in  epidemic  TF,  not  infre¬ 
quently  with  marked  symptoms  of  meningo-encephalitis .  From  the  symptoms  which 
refer  to  the  nervous  system's  lesions  we  must  mention  tie  strong  headaches, 
vertigo,  insomnia,  different  degrees  and  strength  of  disturbances  of  conscious¬ 
ness,  and  symptoms  of  hyperesthesia,  in  serious  cases— pareses  and  paralyses  of 
the  sphincters  and  fine  convulsions  and  tremor  of  the  muscles. 


I  2  3  4  i  (  1  I  S  10  II  12  ti  M  IS  IS  If  It  IS  20  21  2i 


Figure  15.  - 


The  nervous  system  is  damaged  in  the  following  order.  During  the  first 
week,  the  lesions  of  the  sympathetic  system  are  in  the  foregound.  On  the  sec¬ 
ond  week,  changes  are  seen  in  the  same  and  in  the  oblongata.  On  the  third  week, 
lesions  of  the  brain  and  the  oblongata  predominate  (G.A.  IVASHENTSEV). 

The  cardio-va8cular  system  is  also  very  actively  involved  in  the  process 
in  TF.  Specially  characteristic  for  the  latter  is  the  disorder  of  blood  circu¬ 
lation  which,  according  to  the  modern  findings,  is  pathogenetically  related  to 
toxic  paralytic  lesion  of  the  small  vessels  ("peripheral"  heart)  (A.P.  AVTSYN, 
1955).  This  initial  lesion  in  the  vessels  subsequently  inhibits  the  function  of 
the  vasomotor  center  in  the  brain,  of  the  sympathetic  sector  of  the  nervous 
system,  and  of  the  suprarenals,  which  in  their  turn  lead  to  further  deteriora¬ 
tion  of  the  blood  circulation  (K.M.  LOBAN,  1960).  The  disturbance  of  blood 
circulation  is  manifested  by  hypotonia  and  increased  pulse  rate  up  to  120  per 
minute  which  are  characteristic  for  TF,  while  in  severe  cases  the  pulse  rate 
is  up  to  140-150  beats  per  minute.  In  particularly  serious  cases,  all  this  can 
lead  to  a  condition  of  collapse. 

In  comparison  with  the  vascular  apparatus,  the  changes  observed  in  the 
heart  in  TF  have  only  secondary  importance  (I.V,  DAVYDOVSKII) . 

In  the  blood,  moderate  leukocytosis  is  encountered  at  the  expense  of 
an  increase  in  the  number  of  neutrophils  and  monocytes  with  characteristic  ap¬ 
pearance  of  Ttirk  cells  (up  to  8-107.;  according  to  N.K,  ROZENBERG. 

The  spleen  is  usually  enlarged  (in  907.  of  the  cases  already  from  the 
3rd  to  4th  day  of  sickness  on;  (G.A.  IVASHENTSEV). 
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In  the  gastrointestinal  tract  the  dry  coated  tongue  Is  of  special 
Interest,  with  a  general  tendency  of  the  sick  to  constipation. 

The  liver  is  sometimes  enlarged.  In  the  lungs .  together  with  the  symp¬ 
toms  of  bronchitis,  bronchopneumonia  is  not  infrequently  detected. 

In  the  kidneys,  albuminuria  is  often  noted.  In  a  later  period,  the  im¬ 
portance  of  uremia  is  emphasized  which  arises  in  connection  with  renal  insuffi¬ 
ciency.  The  development  of  the  latter  is  evidently  the  earliest  indication  of 
a  further  severe  course  of  the  disease.  The  cause  of  renal  failure  is  the  ric- 
kettsial  lesion  of  renal  vessels  and  the  fall  in  arterial  blood  pressure 
(SNYDER,  1947) . 

Among  the  complications  of  TF,  we  mention:  bedsores,  abscesses  and 
cellulitides,  phlebitis  and  thrombophlebitis,  parotitis,  otitis,  pneumonia, 
nephritis. 


CLINICAL  VARIANTS  OF  EPIDEMIC  TYPHUS  FEVER. 


The  main  and  most  characteristic  symptoms  of  TF  which  are  outlined 
above,  may  considerably  vary  in  their  strength  and  severity.  In  accordance 
with  this,  the  clinicians  used  to  distinguish  mild,  moderately  severe,  severe 
or  very  severe  forms  in  TF.  According  to  the  data  of  V.A.  BARYKIN  (1932),  the 
indicated  forms  were  observed  in  different  epidemics  in  the  following  percen¬ 
tages  as  related  to  the  total  number  of  recorded  patients.  Most  frequently, 
the  disease  is  met  with  at  its  average  severity,  which  is  707.-807..  The  mild 
form  is  observed  within  the  range  of  107.-257.,  and  the  severe  within  the  range 
of  57.  to  107..  The  actual  diversity  in  the  clinical  severity  of  epidemic  TF  is 
particularly  clearly  illustrated  by  extreme  figures  in  the  length  of  febrile 
period.  Thus,  according  to  the  data  of  D.D.  PLETNEV  (1920),  the  length  of  the 
latter  can  vary  from  3  to  22  days  with  absence  of  complications.  In  analogy 
with  this,  K.M.  LOBAN  (1960),  who  refers  to  the  findings  of  M.P.  KIREEV, 

K.F.  FLEROV  end  others,  points  at  the  length  of  fever  from  2  to  21-22  days. 


In  the  group  of  severe  and  very  severe  forms  of  TF,  according  to  the 
predominance  of  some  syndrome,  we  distinguish: 


a. 

41°-42°; 

b. 

take  the  nature 


a  hyperpyre  tic  type  with  a  temperature  ..elevation  up  to 

a  hemorrhagic  type  with  very  marked  petechial  rashes  which 
of  actual  hemorrhages; 


c.  a  nervous  type  with  especially  marked  lesion  of  the  central 
nervous  system; 

d.  a  fulminating  type  at  which  death  will  occur  already  after 
2-5  days  (D.D.  PLETNEV,  1920). 


In  connection  with  the  above  indicated,  we  cannot  pass  by  with  silence 
the  hypothesis  of  some,  especially  English  authors  (C.  STUART -HARRIS  et  al, 
1946)  on  the  different  malignancy  of  TF  at  different  places.  Thus,  according 
to  his  data,  in  the  years  of  the  Second  World  War  (1942-1943),  the  TF  outbreaks 
of  North  Africa  and  Central  Asia  were  distinguished  by  particular  malignancy, 
where  among  the  French  and  English  the  TF  lethality  was  equal  to  327,  -  35.87. 
(the  statistics  refer  to  591  cases) . 

From  the  viewpoint  of  epidemiology  and  control  measures,  mild  forms 
of  epidemic  TF  are  of  special  interest.  Among  the  earlier  authors,  they 
figured  under  the  name  of  "febris  exanthematica  levis",  and  "levissima",  in¬ 
cluding  the  same  category  various  forms  of  a  mild  course  of  TF  infection. 
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especially  che  abortive,  ambulatory,  and  obliterated  forms  in  general.  These 
forms  art  especially  peculiar  to  children. 

In  the  mild  forms  of  TF,  its  characteristic  symptoms  (fever,  rash,  in¬ 
toxication  symptoms,  neural  and  vascular  lesions)  are  usually  present,  but  all 
of  them  are  manifested  in  an  attenuated  form. 


ij  r 

3  -  C-4/C/rvc 


1 


Figure  16.  -  Fever  curve  of  a  patient  with  atypical 
form  of  epidemic  typhus  fever  (after 
S.S.  VISKOVSKII)  (quoted  after  N.I. 
RAGOZA,  1955). 


Thus,  the  febrile  period,  with  elevation  of  the  temperature  usually 
within  38°,  will  last  7-9  days,  and  only  rarely  10-12  days  (Figures  16  and  17). 
The  predominant  forms  of  the  rash  are  roseolae.  Headache  and  insomnia  are 
marked,  but  other  symptoms  of  the  nervous 


Figure  17.  -  Fever  curve  of  a  patient  with  atypical  form 

of  epidemic  typhus  fever  (after  S.V,  VISKOVSKII) 
(quoted  after  N.I,  RAGOZA,  1955). 
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system  are  absent  or  attenuated.  Die  symptoms  of  general  Intoxication  are 
slight  and  the  typhous  condition  is  usually  absent,  with  maintenance  or  slight 
obfuscation  of  the  consciousness.  Hypotonia  is  absent,  or  weakly  marked, 
with  a  drop  in  the  systolic  pressure  by  10-15  mm  Hg.  These  are  the  general 
outlines  of  the  picture  of  a  mild  case  of  epidemic  TF  as  described  by  K.M. 

LOBAN  (1960),  from  the  clinic  of  A.F.  BILIBIN. 

We  should  add  to  the  above  outline  that  D.D.  PLETNEV  (1920),  in  describ¬ 
ing  mild  TF,  points  out  the  frequency  of  catarrh  of  the  upper  respiratory  path¬ 
ways  which  is  fould  in  this  type  of  TF  in  form  of  laryngotracheitis,  sometimes 
with  associated  bronchitis,  a  sign  for  which  earlier  authors  separated  this 
variety  under  the  term  of  "catarrhal  typhus  fever". 

Among  the  described  forms,  the  mildest,  with  shortened  febrile  course 
and  slightly  marked  roseolas,  can  be  carried  ambulantly  by  the  patient,  in 
correspondence  with  which  they  are  distinguished  under  the  term  "ambulatory 
typhus  fever"  (D.D.  PLETNEV,  1920). 

French  authors  describe  different  variants  of  the  mildest  clinical 
forms  of  TF  infection  under  the  name  "formes  frustes"  of  typhus  fever.  DOPIER 
and  de  LAVERGNE  (1927),  in  their  well-known  treatise  on  epidemiology,  in  the 
section  on  TF,  present  numerous  illustrative  "formes  frustes"  of  TF,  described 
by  specialists  who  studied  the  epidemic  and  endemo-ep identic  outbreaks  of  this 
infection  in  various  countries.  Let  us  give  some  of  these  illustrations. 

During  the  1916  TF  epidemic  in  Romania,  CANTACUZENE,  the  well-known 
microbiologist  and  epidemiologist  (1920),  observed  many  cases  of  TF  in  which 
"weak  rise  in  temperature,  preceded  sometimes  by  non-distinguishable  rash, 
slight  headache"  was  noticed.  Moreover,  the  patients  continued  their  occupation 
with  the  sensation  of  slight  indisposition  only.  Surprised  by  these  observa¬ 
tions,  the  author  undertook  a  special  study  of  the  outbreak  of  TF  in  one  of  the 
villages  near  the  town  of  Yassi  whose  population  lived  in  poverty  and  over¬ 
crowding.  Here,  the  author  not  infrequently  observed  the  following  picture. 

With  the  presence  of  1-2  cases  of  classical  TF  in  a  family,  in  the  other  mem¬ 
bers  of  the  same  family  at  the  same  time  and  further  on  (after  several  days) 
he  noted  elevation  of  the  temperature  up  to  37.5°  -  38.2°,  slight  headache, 
individual  roseolar  papular  rash  with  generally  good  feeling,  without  any 
special  complaint  of  the  patients  who  remained  ambulant.  In  one  case, 
CANTACUZENE  observed  a  similar  case  in  a  physician  who  complained  only  of  easy 
fatiguability  with  a  temperature  up  to  37.4°,  with  a  few  individual  rashes  on 
the  skin. 

By  analogy  with  what  was  said,  PETROVICH  (1921)  described  many  cases 
of  formes  frusta s  and  forms  of  benign  course  of  TF  which  he  observed  in  1915 
during  the  well-known  TF  epidemic  in  Serbia. 

Ed.  SERGENT,  FOLEY  and  VIALATTE  (1921)  in  their  turn  describe  the 
spread  of  cases  of  an  atypical  course  of  TF  among  Algerian  Arabs.  On  their 
part,  CH.  NICOLLE,  CONSEIL  and  CONOR  (1911)  emphasized  the  special  frequency 
of  atypical,  hardly  diagnosed  forms  cf  TF  in  children  in  whom  the  disease  is 
reduced  to  s  slight  fever,  coated  tongue  and  mild  malaise  with  or  without  a 
rash.  (Figure  18). 
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Figure  18.  -  Fever  curve  in  an  atypical  form  of  tphyus 
fever  in  a  child  (after  M.G.  DANILEVICH) . 

Quoted  after  N.l.  RAGOZA  (1955). 

Such  is  the  picture  and  the  spreading  ability  of  atypical  forms  of  epi¬ 
demic  TF  according  to  the  findings  of  foreign  authors.  These  forms  fully  cor¬ 
respond  with  the  above  mentioned  variant  of  a  mild  course  of  this  infection  as 
described  by  domestic  authors. 

On  the  basis  of  many  researchers  of  our  laboratory,  conducted  with  the 
aid  of  modern  sero-immunological  methods,  a  large  spread  of  atypical  forms  is 
unquestionable  during  TF  outbreaks. 

In  conclusion,  it  should  be  mentioned  that,  together  with  the  atypical 
benign  forms  of  TF  infection,  in  people  who  are  strongly  exhausted  and  whose 
reactivity  is  reduced,  the  lethal  forms  of  TF  can  also  take  their  course  without 
much  manifestation  of  a  clinical  picture.  These  forms  of  "asthenic"  TF,  with 
lethal  outcome,  produce  striking  deaths  due  to  physiological  exhaustion 
(PETROVICH,  1921). 

Let  us  say  now  something  on  the  question  of  asymptomatic  forms  in  epi¬ 
demic  TF  which  according  to  the  established  tradition,  continue  to  cause  a  very 
critical  attitude  among  many  domestic  specialists  of  infectious  diseases  and 
epidemiologists.  L.V.  GROMASHEVSKII,  one  of  the  most  active  opponents  of  the 
existence  of  asymptomatic  forms,  was  absolutely  right  when  he  announced  in  his 
time  (1947)  in  the  manual  on  special  epidemiology  that  if  there  were  obliterated 
forms  in  TF,  this  would  beforehand  decide  the  question  in  a  favorable  sense  about 
the  possibility  of  the  "asymptomatic"  forms  of  infection.  But  the  question 
about  obliterated  forms  in  TF  can  be  scarcely  doubted  at  the  present  time*) 
which,  in  agreement  with  the  quoted  suggestion  of  L.V.  GROMASHEVSKII,  actually 
decides  beforehand  the  existence  of  asymptomatic  forms  in  TF  infection. 

As  to  asymptomatic  forms,  we  say  at  present  that  they  are  not  only  trust¬ 
worthy  assumptions,  but  we  have  also  direct  observations  at  our  disposal  which 
are  accurately  based  upon  modern  methods  of  investigation.  We  discuss  this 
question  in  more  details  in  the  section  on  epidemiology  of  TF.  Here  we  limit 
ourselves  only  to  pointing  out  the  well  documented  observations  of  the  Romanian 
(COMBIESCU,  G.  ZARNEA  et  al,  1957-1959),  and  partly  Polish  (J.  KOSTRZEWSKI, 

FOOTNOTE:  ^  For  additional  information  on  the  obliterated  forms  in  the  light 
of  modern  findings  see  the  section  on  epidemiology. 
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E.  WO JCECHOWS KX ,  1959),  and  American  (FOX,  MONTOYA,  et  al,  1959)  authors  who 
are  quoted  in  detail  in  the  mentioned  section  on  epidemiology.  Let  us  also  give 
pertinent  example  on  the  experiences  in  our  laboratory. 


y  -  morning  RSK  Complement  binding  test 

B  -  evening  -  RGA  -  Hemagglutination  test 


Figure  19.  -  Subcllnical  (symptomless)  form  of  typhus  fever 
infection  (after  C.R.  GAZIZOVA). 


In  one  of  the  collectives  a  case  of  IF  was  detected  which  had  a  well 
marked  clinical  picture  while  the  patient  had  diagnostic  tltres  of  specific 
serological  reactions  (complement  binding  reaction  which  gave  the  following 
changing  values  in  tltres  1:40  —1:320—1:320,  with  positive  hemagglutination 
reaction  at  tltres  0—1:12  800  —1:200). 

As  to  this  case  after  a  week,  in  the  collective  a  general  non-lmmuno- 
loglcal  examination  was  carried  out,  at  which  in  the  completely  healthy  citizen, 
G.,  29  years  of  age,  a  positive  CBR  was  found  at  a  tltre  of  1:320,  and  a  HAR  at 
1:800.  This  citizen  was  subjected  to  strict  clinical  observation  for  a  month, 
with  dally  double  measurement  of  his  temperature,  with  progress  sero-immuno- 
logical  examination  which  gave  the  following  results: 


DATE 

OF 

EXAMINATION 

COMPLEMENT 

BINDING 

REACTION 

HEMAGGLUTINATION 

REACTION 

21/VIII 

1:3204+ 

1:800 

25 /VIII 

1:12804+ 

1:1600 

4/ IX 

1:64044++ 

1:200  (?) 

18/IX 

1:80+4+ 

1:400 

During  the  whole  period  of  clinical  observation,  in  citizen  G.,  the 
temperature  did  not  increase  even  once,  and  he  had  a  generally  good  sensation 
of  a  fully  healthy  man  (Figure  19). 
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The  quoted  observations,  completed  by  experimental  serologist  G.R. 
GAZIZOVA  with  subsequent  verification  of  the  sera  in  our  laboratory,  in  our 
opinion  unquestionably  established  the  case  from  the  point  of  view  of  modern 
requirements  as  one  of  an  asymptomatic  form  of  TF  infection,  many  times  observed 
by  Romanian  investigators. 

Ultimately,  in  spite  of  the  widely  spread  ideas  in  our  country  which  took 
shape  at  a  time  when  there  were  no  required  methods  of  sero-immunological  in¬ 
vestigations  to  permit  with  reliability  the  exposure  of  asymptomatic  forms  of 
TF  infection  (observations  of  S.  RAMZIN,  V.A.  BARYKIN,  and  collaborators  et  al), 
at  present  this  question  should  not  cause  any  doubt.  In  other  words,  in  case 
of  TF,  as  also  in  other  viral  and  bacterial  infections,  contamination  with  RPr 
can  cause  all  forms  of  clinically  manifested  and  non-manifested  infections  in 
the  range  beginning  from  serious  and  more  serious  forms  and  ending  with 
asymptomatic  forms. 

As  a  supplement  to  what  was  said  about  the  atypical  and  subcllnical 
(asymptomatic)  forms  of  TF  infection,  let  us  quote  from  our  archives  similar 
findings  of  A,  TURSUNOV  (1953)  who  examined  the  progress  of  CBR  and  HAR  for 
9-16  months  in  a  group  of  172  sero-negative  healthy  inhabitants  of  one  of  the 
country  districts  afflicted  with  epidemic  TF.  First,  these  serological  ex¬ 
aminations  coincided  with  the  presence  of  TF  outbreaks  on  the  background  of 
marked  pediculosis.  The  quoted  data  are  presented  in  Table  8. 

PROGRESSIVE  MOVEMENT  OF  THE  TITRES  OF  CBR  AND  HAR  IN  HEALTHY 
PEOPLE  IN  A  FOCUS  OF  EPIDEMIC  TYPHUS  FEVER 


Total  No.  of 

CBR  titre 

Examination 

Examinees 

Neg. 

1:10  1:20  1:40  1:80  1:160 

ail  + 

I 

172 

172 

0  0  0  0  0 

0 

II  (9-16 
months 
after) 

172 

139 

7  6  17  1  2 

33 

HAR  titre 

Neg. 

1:250  1:500  1:1000  1:2000  1:4000 

all  + 

I 

172 

0  0  0  0 

0 

0 

II  (9-16 
months 
after) 

161 

7  110 

2 

11 

TABLE  8 


As  it  can  be  seen  from  Table  8,  16  months  after  the  start  of  examinations, 
out  of  172  sero-negative  persons  33,  or  19.17.  became  positive  for  CBR  and  RPr 
antigen,  including  two  cases  with  the  presence  of  a  diagnostic  titre  of  1:160. 

At  the  same  time,  in  a  parallel  examination  with  HAR,  among  the  same  172  persons 
who  were  originally  negative,  in  eleven  persons  the  HAR  was  found  positive  with 
RPr  antigen  noreover,  in  three  persons  the  titre  was  iri  the  order  of  1:1000  - 
1:4000,  witho  :t  any  doubt  to  the  active  condition  of  TF  infection. 

Inspite  of  the  certainty  of  the  transmission  of  TF  infection  by  people 
who  gave  a  positive  CBR  and  HAR,  especially  by  people  with  high  indices  of  these 
reactions,  t  ne  of  them  had  any  clinical  symptoms  of  the  disease.  Thus,  in  this 
section  of  i.  -astigations,  the  existence  of  atypical  and  asymptomatic  forms  of 
TF  infection  was  once  more  corroborated  in  TF  in  an  undoubted  form. 
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The  quoted  observations  simultaneously  clearly  illustrate  the  production 
of  positive  serological  reactions  in  healthy  people  who  lack  any  TF  ailment,  as 
this  Is  exposed  at  the  study  of  the  immunological  structure  of  the  population 
in  localities  which  were  previously  subjected  to  TF  outbreaks  (see  below). 


SPORDAIC  TYPHUS  FEVER  OR  BRILL'S  DISEASE. 

Under  sporadic  TF  we  now  understand  a  clinical  epidemiological  variety 
of  TF  which  is  etiologically  identical  with  epidemic  TF,  but  differs  from  it 
by  a  number  of  peculiar  features,  including  the  episodic  character  of  individual 
sickness  cases,  usually  in  the  absence  of  pediculosis,  and  with  an  inability  to 
recognize  objectively  the  probable  source  of  infection.  There  is  a  benign 
course  of  the  disease,  relative  difficulty  in  isolating  RPr  from  the  patient's 
blood,  presence  of  early  appearance  and  strong  manifestation  of  serological  re¬ 
actions  in  the  patients  with  the  use  of  specific  antigens  prepared  from  RPr, 
but  with  frequent  absence  of  the  Weil-Felix  reaction  with  Proteus  OXjej,  pre¬ 
dominant  susceptibility  of  adults  and  older  groups  of  inhabitants,  absence  of 
marked  seasonal  character  which  is  a  characteristic  for  epidemic  TF. 

Sporadic  TF  is  recorded  among  people  who  in  the  past  were  subjected  to 
outbreaks  of  epidemic  TF,  including  persons  who  emigrated  from  localities  where 
TF  was  at  home  into  districts  which  were  free  of  the  infection. 

In  the  above  quoted  characteristic,  sporadic  TF  is  identical  with  recur¬ 
rent  TF  which  can  be  identified  in  the  nomenclature  of  western  authors  and  of 
the  International  Nomenclature  of  Diseases  as  Brill's  disease.  It  should  be 
noted,  however,  that  sporadic  TF  with  the  above  quoted  characteristics  i~  also 
recorded  among  people  who  deny  any  previous  TF  in  the  past.  But  this  denial 
does  not  exclude  an  actual  second  (recurrent)  TF  infection  in  them,  since, 
as  we  have  seen,  epidemic  TF  can  have  an  atypical  course  and  in  this  case  it 
often  remains  unrecognizable— a  circumstance  which  requires  correction  of  the 
anamnestic  data,  as  this  is  especially  corroborated  by  the  results  of  retro¬ 
spective  detection  of  TF  infection  with  the  aid  of  serological  examinations  of 
the  population  (see  the  pertinent  section). 

In  every  case,  such  an  idea  which  objectively  widens  the  category  of 
people  who  are  sick  with  sporadic  TF  as  a  recurrent  disease,  appears  fully  pro¬ 
bable,  and  not  without  foundation,  it  is  emphasized  by  several  authors  (K.N. 
TOKAREVICH,  1958),  completely  corresponding  to  modern  findings  on  the  spread 
of  atypical  and  subclinical  forms  of  TF  infection.  Hence,  to  the  denomination 
"sporadic"  TF  more  preferable  is  the  term  of  "recurrent"  (or  second)  TF. 

As  to  the  clinic  of  sporadic  TF  ^.frequently  or  in  the  majority  of 
cases,  the  clinical  picture  corresponds  with  the  course  of  mild  forms  of  epi¬ 
demic  TF,  preserving  at  the  same  time  usually  the  outstanding  and  characteris¬ 
tic  symptoms  of  the  latter,  as  this  is  emphasized  by  K.M.  LOBAN  (1960).  This 
symptomatology,  relating  to  the  injuries  of  the  vascular  and  nervous  system, 
is  not  infrequently  weakened  to  some  extent.  Here,  atypical  forms,  peculiar 
also  to  epidemic  TF,  are  more  frequently  met  with  in  sporadic  TF;  obviously  on 
this  account,  it  is  not  infrequently  recorded  under  mistaken  diagnoses  (grippe, 
catarrh  of  the  upper  respiratory  tract,  paratyphoid,  pneumonia,  indefinite 
obscure  febrile  conditions,  and  so  on),  and  it  is  recognized  in  such  cases 
only  with  the  aid  of  serological  tests. 

The  febrile  period  in  sporadic  TF  is  equal  to  8-10-11  days  as  an  av¬ 
erage,  but  it  can  be  also  shorter.  According  to  the  summarized  data  of  K.M. 
LOBAN,  the  fever  counts  9-11  days  with  variations  of  2-3  days  in  both  directions. 

^FOOTNOTE:  The  clinical  characteristic  of  sporadic  TF  is  basically  given  ac¬ 
cording  to  its  monographic  description  by  K.M.  LOBAN  (1960),  which  contains  the 
pertinent  extensive  literature  material  and  the  personal  observations  of  the 
author) . 
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Figure  20.  -  Fever  curve  of  patients  with  primary  (1)  TF  in 
the  son  and  secondary  (2)  TF  in  the  father 
(from  the  archives  of  S.K.  KULAGIN). 


In  agreement  with  this,  according  to  the  data  of  M.A.  KULEMINA  and  K.P. 
KUZNETSOVA,  for  264  patients  with  sporadic  TFthe  length  of  fever  was  scattered 
•at  the  following  rate:  5-8  days... 207.;  9  days. .  .18.8%;  10-11  days...  40%; 

and  12-17  days. .  .21.27..  According  to  the  summary  data  of  A.P.  ASTAKHOVA,  M.V, 
MATVEEVA  and  G.P.  SETUNOVA,  among  153  patients  with  sporadic  TF  the  3ame  rates 
were  recorded  in  this  forms:  7-9  days. .  .31,57.;  10-12  days... 667.;  and  13-16 

days... 6, 97.  (see  also  Figure  20). 

Finally,  according  to  the  observations  of  Romanian  authors  (COMBIESCU 
et  al,  1957),  the  length  of  the  febrile  period  was  4-6  days  in  6  patients; 

7-9  days  in  48;  10-11  days  in  28,  and  12-14  days  in  18  patients. 

If  the  above  given  figures  which  characterize  the  length  of  fever  in 
sporadic  TF  are  compared  with  similar  data  for  epidemic  TF,  as  they  were  pre¬ 
sented  by  L.V.  GROMASHEVSKII  (1947),  then  an  essential  difference  is  found 
(e.g.,  for  L.V.  GROMASHEVSKII  the  length  of  fever  for  4-5-8  days  is  absent, 
while  the  12-16  days  fever  becomes  66.17.). 
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Figure  21.  -  Fever  curve  of  a  patient  with  sporadic  (recurrent) 
TF.  On  the  8th  day  the  CBR  was  1:800,  the  toxin 
neutralization  reaction  1:2048.  On  the  14th  day  the 
CBR  was  1:6400,  the  toxin  neutralization  reaction 
1:8192.  Original  diagnosis:  abdominal  typhoid  (K.N. 
TOKAREVICH,  and  collaborators). 
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The  difference  is  especially  clearly  illustrated  by  comparing  the  data 
for  the  fever  length  in  spo  adic  and  epidemic  TF  (after  L.P,  GRQMASHEVSKII) 
according  to  the  observations  of  G.R.  GAZIZOVA. 

In  approximately  two-thirds  of  the  patients  with  sporadic  TF,  the  skin 
rash  is  abundant;  it  is  of  roseolar  petechial  character,  while  in  one-third  of 
the  patients  it  is  not  abundant,  and  it  keeps  its  roseolar  character.  The 
rash  is  absent  in  8-157,  of  the  cases,  just  as  in  the  epidemic  form. 

The  cardiovascular  system  is  disturbed,  but  to  a  lesser  degree  than  in 
epidemic  TF.  Tachycardia  occurs  in  22-327.  of  the  patients  (M.L.  LQBAN) .  Hypo¬ 
tonia  can  be  observed  to  some  extent,  with  some  steadiness,  but  it  practically 
almost  never  assumes  an  emergency  character. 

On  the  part  of  the  nervous  system,  the  most  constant  symptom  is  a  mark¬ 
edly  expressed  headache.  Typhous  condition  of  some  severity  is  usual.  Psychic 
disturbances,  peculiar  to  epidemic  TF,  are  rarely  met  with  in  the  sporadic 
forms,  and  they  are  less  marked.  There  are  also  observed  respiratory  troubles 
peculiar  to  TF.  Frequently  the  skin  is  hyperesthetic. 

In  comparison  with  epidemic  TF,  in  sporadic  TF,  complications  are  much  less 
frequently  met  with,  and  this  "is  one  of  the  most  Important  peculiarities  of 
sporadic  TF",  as  M.K.  LOBAN  emphasizes. 

A»u  6o7'3»u 


Figure  22.  -  Fever  curve  of  patients  with  sporadic  typhus 
fever  (after  G.R.  GAZIZOVA). 


In  sporadic  TF  the  prognosis  is  favorable.  Usually  it  ends  with  re¬ 
covery.  By  the  majority  of  authors,  fatality  is  recorded  at  0.6  -  0.8  to  1.687.. 

As  a  supplement  to  the  above  discussion  on  the  peculiarities  of  the 
clinical  picture  of  the  contemporary  forms  of  sporadic  TF,  we  give  hereto 
pertinent  data  published  by  M.M.  FIGURINA  and  A.N.  SEMENOVA,  which  gives  long 
range  observations  c.  these  authors  on  the  material  of  the  Botkin  Hospital 
in  Leningrad  where  non-epidemic  and  familial  foci  of  typhus  and  only  individual 
sickness  cases  were  recorded  already  earlier  as  a  rule,  in  absence  of  pedicu¬ 
losis  in  the  patients  and  when  the  source  of  their  infection  was  unknown. 
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In  their  review,  M.M.  FIGURING  and  A.N.  SEMENOVA  emphasize  the  fol¬ 
lowing  peculiarities  of  the  IF  cases  which  they  observed  during  recent  years. 


Figure  23.  -  Fever  curve  of  a  patient  with  sporadic 
(recurrent)  typhus  fever. 

CBR. . .complement  binding  reaction; 
HAR... hemagglutination  reaction. 


1.  In  the  majority  of  cases,  the  sickness  occurred  in  people  over  45 
years  of  age  who  made  59.3%  of  all  the  recorded  patients. 

2.  Among  the  sick  people  more  than  70%  of  the  second  (recurrent)  TF 
were  recorded. 

3.  In  607.  of  the  patients,  the  WEIL-FELIX  reaction  gave  negative  re¬ 
sults,  with  100%  positive  serological  reactions  to  antigens  made  from  RPr 

(Rickettsia  prowazeki). 

4.  The  clinical  picture  of  the  contemporary  forms  of  sporadic  TF  is 
sharply  distinguished  from  the  classical  (epidemic)  TF  by  the  mildness  of 
course,  and  the  abatement  of  all  the  symptoms,  to  wit; 

a.  the  febrile  period  was  much  shorter  with  an  average  duration 

of  6-8  days,  with  an  increasing  tendency  to  accumulation  of  7-day  sickness  cases 

b.  the  symptoms  of  intoxication  are  much  weaker  in  the  patients, 
with  preserving  the  hypotonia  characteristic  for  TF  infections. 

c.  As  a  characteristic  which  is  related  to  the  elderly  age  of  TF 
patients,  the  authors  point  out  their  tendency  to  develop  vascular  complications 

Such  are  the  general  outlines  of  the  clinical  picture  of  sporadic  TF. 

As  we  see,  retaining  the  typical  features  of  TF,  sporadic  TF  has  a  course  in 

a  considerably  milder  form  compared  to  epidemic  TF.  Here  it  should  be  kept  in 
mind  that  such  a  mild  course  of  TF  infection  in  a  given  case  is  observed 
chiefly  in  people  of  elderly  age,  i.e.,  in  an  age  group  specially  unfortunate 
also  with  regard  to  the  high  lethality  of  those  who  are  passing  through  the 
epidemic  form  of  TF. 
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Figure  24.  -  Comparison  of  the  length  of  typhus  fever. 

A.  ..in  the  epidemic  forms  (L.V.  GROMASHEVSKII  and 

collaborators,  1947),  and 

B. ..in  the  sporadic  forms  (G .R.  GAZIZOVA) 


In  conclusion  let  us  note  that,  due  to  the  spread  of  mild  forms  with 
the  existence  of  different  variants  of  mild  course  (atypical,  ambulatory, 
obliterated  forms),  the  clinical  picture  of  sporadic  TF  is  characterized  by 
a  certain  polymorphism  which  obviously  makes  also  difficult  its  diagnosis, 
not  infrequently— as  already  noted  above— a'ccessible  only  to  sero-immuno- 
logical  methods  of  investigation.  At  the  same  time,  the  accumulation  of 
cases  of  mild  or  easy  course  also  determines  the  "peculiarity"  of  clinical 
picture  in  sporadic  TF,  but  this  peculiarity  is  only  apparent,  since  the 
same  types  of  mild  picture  of  the  disease,  as  we  have  seen,  have  been  known 
long  ago  in  epidemic  typhus  fever,  too. 
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PATHOMORPHOLOGY  AND  PATHOLOGY  OP  TYPHUS  FEVER 


As  it  has  been  known  slnos  tha  times  of  the  finds  of  N.A.  AIF23VSXXI 
(191U)  and  FRASNKEL  (1913-1915)#  with  regard  to  pathomorphology,  IP  is  consi¬ 
dered  a  disease  with  predominant  lesion  of  the  vascular  system  (I.V,  DAVY- 

dovshi,  1920). 

Suoh  an  idea  is  fully  justified  by  the  morphological  documentation  of 
TP  ailments,  einoe  the  desquamative  proliferative  processes  in  the  small  ves¬ 
sels  which  lead  to  the  formation  of  vascular  granulomas  characteristic  for 
this  infeotion,  desoribed  by  D.V.  POPOV  (1875)  in  his  time  in  the  brain,  in 
combination  with  destructive  thrombotic  changes  compose  almost  the  whole  mor¬ 
phological  symptom  complex  of  IP. 

At  the  same  time  the  location  of  lesions  near  tho  vascular  system 
fully  corresponds  also  to  the  microbiology  of  IP,  since  in  TP  the  RPr  have  a 
selective  localisation  in  the  cells  of  the  vascular  endothelium. 

In  view  of  this,  the  description  of  the  pathological  anatomy  of  TP  in 
all  its  respects  is  best  started  exactly  with  the  lesions  of  the  vascular  sys¬ 
tem,  classically  presented  in  the  generally  known  monograph  of  I.V,  DAVY- 
DOVSKII  "Pathological  Anatomy  and  Pathology  of  Typhus  Paver"  (1920-1922). 

As  I.V.  DAVYDOVS KI I  indicated  in  the  quoted  monograph,  in  IF  in  the 
oourse  of  vessels  a  double  sort  of  prooess  is  observedt  —desquamative  pro¬ 
liferative  and  destructive  thrombotio. 


DESQUAMATIVE  PROLIFERATIVE  PROCESSES.  > 

In  correspondence  with  the  colonisation  of  tho  endothelium  of  vessels 
with  RPr,  it  is  natural  that  the  disease  of  vessels  begins  with  endothelial 
ohanges  in  the  form  of  their  marked  swelling  in  the  affected  sectors  of  small 
vascular  branches  and  capillaries.  The  swollen  cells  of  the  endothelium  at 
the  same  time  show  active  multiplication,  frequently  with  detachment  into  the 
lumen  of  vessels.  As  a  result,  inside  the  affected  parts  of  vessels,  v/hole 
oolonies  of  multiplied  endothelial  oells  are  formed,  which  sometimes  loads  to 
the  formation  of  peculiar  "proliferative”  thrombi. 

The  proliferative  process  is  not  limited  to  the  endotholium,  spread¬ 
ing  on  ihe  ono  hand  to  the  cells  of  the  intima,  and  on  the  other  hand  to  the 
adventitial  elements,  or  the  so-ealled  perithelium.  The  endovasoular  and 
perivascular  proliferation  here  flows  together  in  the  small  vessels  into  a 
oomaon  conglomerate ,  keeping  the  independence  of  perivascular  proliferation 
only  along  the  course  of  relatively  larger  vessels. 

As  a  result  of  the  proliferation  of  endo-perithelium  along  the  course 
of  affected  vessels,  granulomas  are  also  formed  which  are  characteristic  for 
TP,  and  are  oalled  Popov* s  nodules.  Aoooxding  to  the  expression  of  I.V. 
DAVYDOVSKII ,  they  "run  as  a  red  thread  throughout  the  entire  histology  of 
typhus  fevor". 

Arising  from  tissues  of  me senohymal  origin,  -the  mentioned  granulomas 
have  the  aspect  of  ft  homogenous  type  of  miliary  nodules  which  are  situated 
along  the  oourse  of  preeapillaries  and  capillaries,  being  the  produots  of 
endo-peritheli&l  proliferation.  In  this  form  of  focal  granulomatosis,  these 
isolated  nodules  are  met  with  in  IIP  in  all  systems  and  organs,  with  the  excep¬ 
tion  of  the  liver,  lymph  nodes,  spleen  and  bone  marrow. 
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At  the  formation  in  an  ectodonnal  medium  in  the  parenchyma  of  the 
nervous  system,  the  endo-perithalial  granulomas  are  sufficiently  hedgod  in 
with  a  peripheral  zone  of  proliferating  elements  of  the  neuroglia.  As  a  re¬ 
sult,  "glial  granulomatosis"  of  the  vessels  is  formed  in  the  brain  in  TP. 

In  both  forms  of  granulomatosis,  at  the  site  of  development  of  the 
nodules,  the  structure  of  small  vessels  is  obliterated,  and  they  are  sort  of 
assimilated  into  the  affeoted  parts* 

The  desoribed  endo-perithelial  nodules  are  composed  of  lymphoid  and 
epitheloid  types  of  polyblasts  tightly  adjourning  each  other,  with  markedly 
polymorphic  nuolei.  In  ease  of  oerebral  nodules,  the  endo-perithelial  pro¬ 
liferation  is  forming  only  the  nuoleus  of  a  granuloma. 

In  addition  to  the  above  desoribed  nodular  granulomas  which  are  typical 
for  TF,  in  this  infeotion  we  can  also  encounter  perivascular  "plasma  oell"  and 
"lymphoid"  sheaths  (ouffs)  arranged  chiefly  along  the  course  of  veins,  and 
formed  by  proliferating  perivasoular  cellular  elements*  In  presence  of 
,  "sheaths",  the  permeability  of  vessels  is  preserved* 

By  their  topography  in  regard  to  the  vessels,  the  above  desoribed 

Proliferative  processes  con  be  intravascular  (frequent  form),  intramural 
rare  form)  and  perivasoular  (the  most  comprehensive  group). 


DESTRUCTIVE  THROIiBOTIC  PROCESSES. 


Destructive  processes  along  the  oourse  of  the  vascular  system,  as 
constant  in  TF  as  the  oellular  proliferations,  are  also  manifested  in  symp¬ 
toms  of  neorobiosis  of  different  elements  of  the  vascular  wall* 

In  TF,  the  most  frequent  are  the  phenomena  of  necrobiosis  in  the  en¬ 
dothelium,  ohifely  of  small  vessels  and  somewhat  less  often  of  larger  ves¬ 
sels*  Starting  from  the  intima,  the  noorobiotio  process  can  spread  to  the 
middle  and  external  sheath,  embracing  all  their  oircumferenco  in  the  affeot- 
ion  of  small  vessels  and  limited  to  a  segnental  lesion  in  the  larger  vossels* 
Finally,  the  destruction  oan  also  spread  to  the  oellular  proliferations  with 
neorosis  of  granulomas  and  perivasoular  6heaths.  In  connection  with  the  des¬ 
tructive  changes  on  the  port  of  the  intima  in  the  affected  sectors  of  the 
vascular  system,  net  infrequently  we  find  thrombi  which  are  parietal,  var- 
ruoous,  or  obtirating* 

As  a  result  of  proliferation,  destruction  and  thrombosis,  a  focal 
obliteration  and  deformation  of  different  severity  is  obtained,  in  the  ves¬ 
sels,  but  with  full  restoration  of  the  blood  circulation  with  their  rever¬ 
sible  involution  without  any  particular  defect  in  the  structure  of  vessols. 

From  the  ohanges  of  individual  organs,  the  lesions  of  the  brain  should 
be  specially  mentioned  in  IF*  The  hero  pertinent  changes  are  characterized 
as  aoute  non-purulent  disseminated  myeloencephalitis whose  basis  is 
"granulomatosis"  of  small  vessels  in  presence  of  a  partial  degeneration  of 
ganglion  oells*  Here,  the  enoephalitis  is  usually  oombined  with  acute  serous 
meningitis* 
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Figure  25#  -  Typhus  fever  nodule  in  the  medulla 
oblongata  (photo  of  A.P.  AVTSYN) 


Among  the  vasoular  lesions,  verrucous  endovasoulitis,  destructive  and 
proliferative  thrombo-vasoulitis,  proliferative  perivasculitis  and  plasma- 
cell  sheaths  stand  out  especially  characteristically.  The  lesions  along  the 
vessels  are  fixed  to  the  gray  matter  of  the  brain.  They  can  bo  observed  over 
its  entire  extent,  yet  the  lesions  of  maximum  intensity  and  extensiveness  are 
formed  in  the  medulla  oblongata  (Figure  25). 

A  similar  process  affects  also  the  sympathetic  nervous  system,  es¬ 
pecially  its  ganglia. 

An  involution  of  the  lesions  in  the  nervous  system  occurs  rather  slowly. 

The  lesions  of  the  heart  are  also  very  characteristic  for  TF  in  the 
form  of  acute  interstitial  myocarditis.  As  I.V.  DAVYDOVSKII  states,  "every 
oaso  of  TF  (with  rare  exception)  is  accompanied  by  an  acute  interstitial  myo¬ 
carditis".  In  the  picture  of  the  latter,  we  differentiate  on  the  one  hand 
the  formation  of  miliary  nodular  granulomas  along  the  capillaries  (myocardi¬ 
tis  nodosa),  and  on  the  other  hand  the  formation  of  foci  of  plasma  coll  in¬ 
filtrations  and  sheaths  (myocarditis  plasmocellularis). 

Finally,  with  relatively  rare  exceptions,  IF  is  associated  v&th  an 
exanthema  or  rash  on  the  skin  which  is  charact-sristio  for  it.  This  rash,  first 
rbseolar"or  roseolo-papular,  undergoes  a  petechial  transformation  in  typical 

oases. 


The  pathomorphology  of  the  TF  exanthema  is  essentially  a  lesion  of  the 
vascular  system  typical  for  TF,  at  which  the  vascular  system  here  presents 
all  diversities  of  its  forms. 

Together  with  the  vascular  lesions  in  the  area  of  cutaneous  exanthema 
there  oan  be  disturbances  of  blood  circulation  and  infiltrative  exudativo 
processes,  with  the  development  of  hyperemia,  edema,  extravasation,  and  so  on. 
Sometimes  ooagulation  neorosis  of  some  extent  oan  be  also  observed  in  the 
epidermis. 
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Such  is  the  general  pioture  of  p&thomorphological  ch.nges  in  TP* 

As  to  the  complications  of  IF*  in  addition  to  the  extravasations  of 
different  localization*  we  should  mention  the  subsequent  thrombophlebitides 
and  the  gangrene  of  soft  parts*  most  frequently  seen  on  the  extremities,  as 
mil  as  oases  of  parotitis*  cellulitis*  septioopyomia*  related  to  secondary 
infection  due  to  porosity  of  the  affeoted  vessels.  In  the  lungs  bronchopneu¬ 
monias  are  not  infrequently  formed* 


EXPERIMENTAL  TYPHUS  FEVER  INFECTION  IN  ANIMALS . 

Just  as  in  man,  in  guinea  pigs  also*  which  are  the  basio  experimental 
model  for  this  infection*  in  experimental  TF  the  pathological  anatomical 
changes  are  fixed  to  vascular  system  with  their  specially  characteristic 
localization  in  the  brain  which  is  therefore  the  most  oomraon  object  of  in¬ 
vestigations* 

According  to  the  collected  data  of  I.V.  DAVYDOVSKY  (1922),  on  the 
part  of  ihe  vascular  system  the  ohanges  in  guinea  pigs  on  the  one  hand  con¬ 
sist  of  destructive  thrombotio  lesions  of  small  arterioles  and  capillaries* 
while  on  the  other  hand  they  consist  of  proliferations  of  endo-peritholial 
type  which,  together  with  destructive  thrornb o va s culiti s ,  form  the  most 
characteristic  hi s top atho logical  complex  of  the  infection  (TF  nodules)o 

In  oase  of  peritoneal  IF  infection,  in  the  inoculated  guinea  pigs 
marked  exudative  processes  are  noticed  in  the  peritoneum  with  the  presence  of 
exudative  proliferative  changes  along  the  course  of  tho  vascular  system  of 
the  testicles  and  an  exudate,  which  is  rieh  in  cellular  elements,  in  tho 
eavity  of  tho  tunica  vaginalis  of  testicles  in  case  of  asse-'  ted  perior- 
ohitis. 


According  to  the  data  of  I.V.  DAVYDOVSXII,  on  -the  part  of  the  vascular 
system  in  TF  in  guinea  pigs  the  changes  are  essentially  similar  to  those  of 
man,  yet  they  differ  from  the  latter  only  in  two  respects:  —  compared  with 
man,  in  guinea  pigs  the  proliferative  changes  of  vessels  predominate  over  tho 
destructive  ohanges,  and  the  granulomatosis  in  the  medulla  oblongata  which  is 
particularly  characteristic  for  man  is  absent. 

V,re  have  still  to  say  a  fow  words  on  the  pathomorphological  character¬ 
istics  of  TF  bronchopneumonia  in  mice,  whioh  can  be  reproduced  in  them  with 
intranasal  inoculation  of  RPr. 

According  to  the  data  of  A.P.  AVTSYN  (I9J48),  in  the  development  of 
this  rickettsial  pneumonia  in  mice,  four  stages  of  primary  irritation  are 
distinguished  which  are  characterized  by  swelling  of  the  alveolar  epithelium 
in  absence  of  vascular  reaction  (first  hours);  stage  of  vascular  reaction 
with  diffuse  hyperemia  and  symptoms  of  diapedesis  of  red  colls  (15-21*  hours); 
stage  of  formation  of  speoific  foci  (36-1*2  hours),  and  the  stage  of  neoroti-* 
zation  of  tho  exudate,  corresponding  to  the  maximum  accumulation  of  RPr  in 
the  lungs  (66*90  hours). 

Apeording  to  the  histopathological  researches  of  A.P,  AVTSYN  (I9i*3), 
in  mice  the  aetion  of  the  toxio  factor  of  RPr  is  angioparalytio.  It  is  mani¬ 
fested  in  a  (  .organization  of  blood  circulation,  mostly  in  tho  brain;  more¬ 
over,  the  tickettsial  toxin  evidently  aots  upon  the  vascular  wall  of  caDil- 
laries  and  arterioles.  The  greatest  degree  of  the  disorganization  of  cere¬ 
bral  circulation  finds  its  expression  in  a  capillary  stasis  in  the  brain,  which 
is  also  a  direct  cause  of  death  of  mioe  in  oase  of  intoxication. 
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PATK0G5N5SIS  OF  TYPHUS  FEVER. 

As  it  is  wall  known,  for  TP  just  as  also  for  other  rickettsiasos,  in 
addition  to  the  marked  symptoms  of  intoxication,  particularly  characteristic 
is  the  failure  of  the  peripheral  vascular  heart.  Therefore,  in  such  cases 
the  most  frequent  cause  of  death  is  vascular  collapse.  The  systemic  organio 
lesion  of  vessels  which  is  peculiar  to  TF  can  bo  also  the  cause  of  severe 
disorders  in  the  blood  circulation,  but  they  alono  cannot  explain  the  fail¬ 
ure  of  the  peripheral  heart  which  is  evidently  related  to  a  functional  dis¬ 
turbance  of  vessels.  This  double,  organic  and  functional  disturbance  of  the 
vessels,  according  to  I.V.  DAVYDOVSHI,  is  the  "center  cf  gravity"  of  TP 
siokness.  The  pathogenesis  of  the  organic  lesions  of  vessels  is  clear,  sinoe 
the  infective  process  in  TF  is  related  to  the  colonization  of  toxigenic 
riokettsiae  in  the  endothelium  of  vessels* 

As  to  the  functional  disturbance  of  vessels,  which  is  evidently  re¬ 
lated  to  a  lesion  of  the  central  and  sympathetic  nervous  system,  including 
the  chronoffine  system  (lesion  of  the  suprarenals),  they  evidently  originate 
first  of  all  under  the  effect  of  rickettsial  intoxication  vhich,  according 
to  the  correct  statement  of  A,?,  AVTSYN  (19510,  i*  the  outstanding  factor  in 
the  pathogenesis  of  TF  in  general* 

By  studying  more  accurately  the  concept  of  toxic  pathogenesis  in  TF, 
and  relying  upon  the  study  of  212  autopsies  of  TF  patients  who  died  at  dif¬ 
ferent  periods  of  their  ailment,  A*P*  AVTSYN  oame  to  the  following  conolusionst 

In  the  first  week  of  sickness  the  cause  of  death  in  pati6r.ts  is  the 
speoific  intoxication  whose  clearest  morphological  expression  is  the  severe 
disturbance  of  blood  circulation  in  the  central  nervous  system,  including 
congestion  of  tho  brain  (partly,  paralytic  hyperemia),  vdth  absence  of  its 
nodular  lesions* 

Aeoording  to  the  data  of  the  author,  the  same  specific  intoxication 
is  also  the  main  cause  of  death  on  the  second  week  of  the  disease,  when, 
together  with  the  formation  of  nodules  in  the  brain  in  98#  of  the  cases,  a 
disturbance  in  cerebral  blood  circulation  in  tho  form  of  hyperemia,  stasis  and 
oapillary  thrombosis,  especially  in  the  nuolei  of  the  brain  stem  and  in  tho 
gray  natter  of  tho  cerebral  cortex,  remains  an  integral  part  of  the  histo- 
pathological  pioture  of  TF  in  this  period* 

In  difference  from  the  indioated  pioture,  in  the  third  week  of  TF, 
the  majority  of  patients  die  from  complications,  especially  in  the  form  of 
pneumonias,  vdth  constant  presenoe  of  ripe  nodules  in  the  brain. 

Various  kinds  of  complications,  especially  sepsis  and  pneumonia,  as 
the  authors state s,  are  also  the  most  frequent  causes  of  death  of  tho  patients 
in  the  fourth  week  of  siokness,  when  in  the  brain  regressive  nodules  are 
found  vhich  are  characteristic  for  this  period* 

Thus,  emphasizing  the  decisive  importance  of  intoxication  in  the 
pathogenesis  of  TF,  A.V.  AVTSYN  comes  to  the  conclusion  that  the  nodules 
themselves  in  the  oentral  nervous  system,  and,  especially  in  the  medulla 
oblongata,  are  not  the  oause,  but  the  sequelae  of  the  disturbance  of  blood 
oiroulation  under  the  effeot  of  intoxio&tion* 

Finally,  it  should  be  mentioned  that  Soviet  authors,  headed  by  I.V. 
DAVYDCVSKII,  sufficiently  established  also  the  share  of  allergie  factors  in 
the  pathogenesis  which  find  reflection  in  vascular  lesions,  and  are  especially 
demonstratively  illustrated  by  the  presence  of  strongly  marked  allergic  skin 
reactions  in  patients  and  in  reoonvalescents  which  develop  on  introduction  of 
a  riokettsi&l  antigen* 
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These  are  the  main  features  of  the  pathblogy  an!  pathogenesis  of 
TF  in  the  light  of  modern  findings* 

The  main  cause  of  fatality  in  IF  is  the  general  intoxication  with 
severe  lesion  of  the  nervous  and  cardio-vascular  system.  Some  authors  make 
attempts  to  make  more  preoise  the  oause  of  death,  by  distinguishing  parti¬ 
cularly  death,  mostly  related  to  lesion  of  the  brain  with  symptoms  of 
meningo-enoephalitis  (b5%)t  or  to  lesion  of  the  cardio-vascular  system  with 
symptoms  of  oollapse  (about  20%) ,  or  even  to  combined  lesion  of  the  brain  and 
oardio-vasoular  system  (about  3^)»  Rather  frequent  causes  of  death  are 
different  oomplieations  among  which  pneumonia  occupies  the  first  place 
(quoted  by  K.M.  LOBAR,  i960). 

In  TF  the  indices  of  fatality,  as  we  have  already  mentioned  above, 
show  considerable  variation,  being  the  highest  in  elderly  subjeots. 

The  hereto  pertinent  literature  data,  however,  represent  a  pre¬ 
dominately  historical  interest  since  modem  therapy  with  antibiotics  at  its 
timely  prescription  should  protect  the  sick  from  a  fatal  outcome. 


/ 
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RELATIONS  OF  Il&IPNITY  IN  TYPHUS  FEVER. 

It  is  generally  known  that  people  who  passed  through  IT ,  acquire  a 
well  marked,  usually  long-lasting  immunity  to  reinfection*  This  refers  also 
to  laboratory  animals,  especially  to  monkeys  and  guinea  pigs,  which  passed 
through  an  experimental  IF  infection* 

The  presence  of  acquired  immunity  in  those  who  had  had  the  disease  is 
established  authentically  by  clinical  epidemiological  observations.  In  lab¬ 
oratory  animals  which  are  subjected  to  inoculation  with  RPrthe  immunity  is 
unquestionably  proved  by  the  failure  of  experiments  at  reinfection. 

However,  it  should  bo  stipulated  that  the  stability  of  immunity  in 
former  TF  patients  is  subject  to  individual  variations.  In  some  people  it 
lasts  practically  throughout  life,  while  in  others,  on  tho  contrary,  it  gra¬ 
dually  weakens  with  restoration  of  susceptibility  to  IF  infection— therefore 
oases  of  seoond  TF  are  observed  in  formerly  recovered  IF  patients. 

In  men  and  animals  who  had  IF  infection,  the  acquired  immunity  to 
reinfection  finds  its  expression  also  in  the  serum  which  shows  the  ability  to 
prevent  against  inoculation  with  H?r,  when  introduced  in  advance  or  simul¬ 
taneously  to  the  susceptible  animal  (e.g.,  guinea  pig). 

Together  with  the  anti- infectious  properties,  the  serum  of  persons 
and  animals  who  had  TF  infection  shows  the  ability  to  neutralize  the  tozio 
substance  of  RPr,  vhich  can  be  easily  demonstrated,  for  instance,  at  admin¬ 
istering  a  mixture  of  a  lethal  dose  of  toxio  substance  together  with  a  suit¬ 
able  amount  of  serum  to  mice. 

The  mentioned  observations  settle  the  concept  about  the  two-f&cod 
immunity  in  TF— -an  antiinfectious  and  an  anti  toxio  immunity,  with  clear  re¬ 
presentation  of  both  mechanisms  of  non- susceptibility  in  the  immune  sera  of 
former  patients. 

These  observations  on  the  anti  toxio  and  antiinf  active  mechanism  of 
immunity  in  TF  are  brief ly discussed  in  detail  in  the  following  form. 


ANTITOXIC  IMMUNITY. 


The  RPr  form  a  toxio  substance,  similar  in  its  action  to  bacterial 
toxins,  but  not  separable  from  the  body  of  rlckettsiae.  At  tho  same  timo, 
it  is  very  labile,  and  it  is  detected  only  in  live  riokettsiae.  '.Vhite  mice 
are  particularly  sensitive  to  the  action  of  the  toxic  substance  of  HPr. 

These  animals,  at  intraabdominal  or  better  at  intravenous  introduction  of  a 
sufficient  dose  of  live  riokettsiae  (Dim)  die  during  a  day  with  marked  dis¬ 
turbance  in  the  cerebral  blood  circulation  (A.P,  AVTSYN). 

By  analogy  with  bacterial  toxins,  the  toxic  substance  of  HPr,  both 
in  natural  infection  and  also  in  artificial  immunization,  cause  the  produc¬ 
tion  and  accumulation  of  a  specif io  antitoxin  in  the  organism.  As  a  result, 
the  serum  of  former  patients  or  of  the  vaccinated  acquires  the  ability  to 
neutralize  the  toxio  action  of  riokettsiae  with  a  display  cf  regularity 
peculiar  to  antitoxic  sera  in  general.  The  antitoxic  properties  of  IF  sera 
are  measured  in  units  (AE),  each  of  which  neutralizes  2  Dim  of  the  toxic 
substance  of  riokettsiae  for  mice. 

The  antitoxic  immunity  whioh  develop  in  IF  is  very  easily  revealed 
at  the  study  of  the  neutralizing  capacity  of  sera  in  TF  patients  and  conval¬ 
escents.  It  is  expressed  in  titres  of  AE,  determined  in  respeot  to  Dim  of 
the  toxio  substance,  as  this  was  mentioned  above. 
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Thus,  according  to  the  data  of  S.I.  FATHER,  II. A.  T'OBZKIK,  and 
AISVSKII  ( '-9 b5)  •  in  TF  patients  the  formation  of  antitoxin  in  tho  blood  is 
shown  already  during  tho  course  of  the  disease,  but  during  tho  ailment  tho 
the  sonm;  tit  roc  arc  usually  low  (16-256  AE),  and  only  at  the  end  of  fever 
are  they  slowly  rising  ( sometimes  up  to  800  AE).  However,  tho  anti-coxic 
titrss  roach  their  00 ah  value  in  the  convalescent  period,  especially  on  the 
12th- 15th  day,  some times  reaching  values  from  2Cj0-1;0C0  to  8000-16^00  At. 
Further  or,  the  titros  gradually  decrease,  and  after  5-1;  months  they  arc  seen 
already  within  the  range  from  500-2000  AE,  yet  maintaining  a  level  of  low- 
values  evon  after  years  (I&.04  AE), 

Such  is  tho  pioture  of  antitoxic  immunity  which  dovelops  under  tho 
effeot  and  as  a  result  of  T?  infection. 

But  such  an  order  of  antitoxic  immunity  is  also  reproduced  in  case 
of  an  artificial  immunisation,  although  it  is  here  of  much  lower  tit:vs. 

Thus,  according  to  tho  observations  of  R.0,  BFOUSTEIH  ( 191*5 ) ,  2-5  wool  cs  of  tor 
double  and  triple  inoculations  of  killed  vaccine  prepared  from  R?r,  the  anti¬ 
toxin  titre  in  tho  blood  of  inoculated  individuals  reaches  130  AS,  wit:  v. 
maximum  of  250  -  5C0  AS,  after  which  it  quickly  drops,  expiring  in  6  months. 

Lot  us  pass  new  to  the  characteristics  of  antiinfo ctious  immunity. 


AIITIIKF SCTIOUS  IirUHITY. 


Antitoxic  immunity,  by  providing  tho  organism  with  resistance  to  an 
intoxication,  decs  now  provido  it,  howsvor  with,  an  ability  of  direct  roswonse 
to  the  pathogenic  agent  of  the  infection.  In  other  words,  antiinfe ctious 
immunity  in  sor.su  proorio  refers  to  phenomena  sui  gonoris,  end  provides  other 
mechanisms  which  arc  different  from  the  antitoxin  neutralising  capacity  of 
the  organism,  and  is  ovidontly  related  to  phagocytosis,  as  this  was  establish¬ 
ed  in  regard  to  rickcttsiae  in  our  laboratory  by  1,1;,  KOKOFIiT  (1957',  The 
independence  of  antiinfectious  immunity  from  antitoxic  resistance  to  T?  is 
illustrated  particularly  so  that  tho  IF  pathogenic  agent  can  be  preserved  in 
the  organism  in  presence  of  a  high  concentration  of  antitoxin  in* the  blood 
(M,K,  HA2VSKII),  while  on  the  other  hand,  among  people  vho  are  resistant  to 
IF,  the  antitoxin  titres  in  the  blood  oan  be  very  low  (3,0.  3R0h'S?2Ih'/. 

The  phonomonon  of  antiinfeotive  immunity,  in  addition  to  its  clinical 
epiderdolo gi cal  dotoetdon  in  people  vho  had  had  TF,  is  dotccted  with  tho 
greatest  detail  in  laboratory  experiments  on  animals. 

Thus,  the  antiinfectious  immunity  is  rather  clearly  manifested  in 
guinea  pigs  which  had.  had  IF  infection,  with  subsequent  inoculation  of  thsir 
cerebral  7?  virus  under  tho  control  of  simple  thermometry.  Under  these 
conditions,  the  control  pigs  respond  to  the  infection  with  cyclically  running 
fa vc r  wnilo  -wio  fovor  is  completely  absent  in  those  guinea  pigs  wldch  pre¬ 
viously  had  had  IF  infection. 

However ,  tho  antiinfo otious  immunity  is  still  mere  clearly  manifes¬ 
ted  with  the  aid  tho  poritonoal  test  which  was  elaborated  in  our  lacerate'— 
and  was  doccribod  abovo.  * 

Let  us  recall  that  the  poritoneal  form  of  T?  infection  which  is  o-c- 
duood  in  male  guinoa  pigs  at  intraabdominal  introduction  of  a  sufficient"  dose 
of  Rickottsiae  promzeki,  is  characterized  by  the  following  signs^ 

Clinically  this  experimental  riokettsiasis  in  guinea  pigs  appears 
with  a  febrile  reaction  which,  starting  from  the  2nd  to  3rd  day  after  inocu- 
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lation,  reaches  its  peak  on  tho  2+th  to  5th  day  after  inoculation,  and  then  on 
the  5th  to  6th  day,  it  is  roducod  to  a  subfebrila  tempera  taro.  Hicrobio- 
logically  thoso  forms  of  experimental  infection  are  characterized  by  simul¬ 
taneous  multiplication  of  rickettsiao  in  the  mesotheliun  of  the  peritoneum 
and  in  tho  mesotheliun  of  the  testicular  tunica  vaginalis  (periorchitis)  with 
maximum  accumulation  of  tho  microbes  on  the  i*th  to  5th  day  after  inoculation 
of  the  guinea  pigs,  and  with  their  subsequent  disappearance  on  the  ?th  day. 

In  difference  from  the  above,  in  immune  guinea  pigs  at  the  arrange¬ 
ment  of  tho  peritoneal  test,  on  the  one  hand  there  is  no  temperature  reaction, 
and  on  the  other  hand,  a  rapid  self-cleaning  of  the  peritoneal  and  tunica 
vaginalis  mesotheliun  from  tho  rickettsiae  is  observed,  which  can  bo  aeon 
by  tho  naked  eyo  (Table  9  and  10). 

The  described  cases  illustrate  the  active  acquisition  of  anti-infsc- 
tious  immunity.  But  the  latter  can  bo  produced  or  rov9aled  in  analogous  ex¬ 
periments  on  guinea  pigs  also  in  a  passive  form,  i.e.,  with  the  aid  of  im¬ 
mune  sera  taken  from  guinea  pigs  or  from  people  who  passod  through  tho  dis¬ 
ease.  Even  in  these  cases,  the  antiinfectious  immunity  is  manifested  very 
distinctly  at  intraabdominal  introduction  of  the  serum  in  sufficiently  large 
dose  (2  ml)  simultaneously  with  a  corresponding  dose  of  RPr.  Here,  our  ex¬ 
periments  showed  that  in  guinoa  pigs  tho  protective  action  of  the  serum  is 
fully  manifested  after  passing  through  an  experimental  T?  infection,  and  with 
the  us9  of  human  serum  it  preserves  its  effectiveness  ih  tho  peritoneal  toot 
even  after  yoars  of  a  former  TF. 

As  to  the  mechanism  of  antiinfectious  immunity  of  the  individual 
passively  treated  with  the  immune  serum,  it  is  probably  related  to  the  bac¬ 
tericide  and  opsoninio  effeot  of  the  latter. 

This  is  tho  general  outline  of  tho  characteristics  of  antitoxic 
immunity  in  7F  in  tho  reflection  of  suitable  laboratory  tests. 


FEBRILE  REACTION  IS  GUINEA  PIGS  AT  THE  PERITONEAL  TEST 


Day  j  1 

2 

3 

2* 

5 

Rickettsiao  j 

Control  guinea 
pigs 

Immune  guinea 
pigs 

- 

i 

39.8-39,5° 

Uo,  1—2*0, 

i 

39,5-39,2° 

39,1-39, 

1 

2*0,1— 2+0,  £ 
5° 

39-39,1 

2° 

2*0,2+° 

0 

39,2° 

/// 

mm 

TABLE  9 
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f  RICKETTSIAE  IN  THE  PERITONEAL  SYSTEM  OF  CHI  IE  A  PIGS 


Time  of 
autopsy 

Control  pigs  1 

Peritoneum 

Tunica  vaginalis  !  1  Tunica  vaginalis  j 

of  testis  !  Peritoneum  !  of  testis 

2 h  hours 

// 

// 

/ 

1 

/ 

I48  hours 

/// 

/// 

/ 

** 

72  hours 

/// 

/// 

_ _ _ 

TABLE  10 


INFECTIOUS  IG.iUNITY  IN  TYPHUS  FETOR. 

Together  v/ith  the  antitoxic  and  antiinfectivo  acquired  iinnuni’cy  in  TP, 
the  prosonco  of  infectious  immunity  must  be  also  considered,  i.e.,  the  forms 
of  resistance  related  to  the  presence  of  the  infection  itself. 

The  French  investigators  G.  BLANC  and  1T0URI  (1937)>  1*7  using  crossed 
inoculation  of  guinea  pigs  with  the  virus  of  rat  TF  and  epidemic  (louse- 
borne)  TF,  have  established  that  inooulated  guinea  pigs  are  resistant  to  the 
transmitted  superinfeotion  not  only  during  the  period  of  manifested  infection, 
but  also  in  its  incubation  period. 

In  connection  v/ith  the  quoted  observations  in  our  laboratory  inde¬ 
pendent  researches  woro  conducted  on  the  problem  of  infectious  immunity  in  'IF 
in  guinea  pigs,  including  the  attitude  of  inoculated  pigs  to  superinfection 
in  the  incubation  period.  The  search  of  resistance  to  superinfection  v/as 
carried  out  in  sexual  experiments.  Hare,  the  guinea  pigs  wore  inoculated  v/ith 
eerebral  passage  virus  by  tho  usual  method,  aid  the  search  for  immunity  was 
made  by  the  above  described  peritoneal  test  v/ith  tho  employment  of  different 
doses  of  RPr  at  differont  phases  of  the  infectious  process,  in  the  fora  of  a 
suspension  made  from  rickettsial  lungs  of  intranasally  inoculated  mice.  The 
summary  results  of  this  complicated  experiment  are  presented  in  Figure  26. 


ico  mo  zoo 
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Figuro  26.  -  Movement  of  immunity  in  experimental  IF  ±r_  :-aiaSa  oirs. 

The  oolumns  correspond  to  the  immunity  level  manifested 
by  tho  number  of  infective  doses  of  Rickettsia  prov.uzoki. 
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As  it  can  bo  soon  from  Figure  26,  during  1?  infoction,  so  far  as  it 
is  reflected  in  the  experiments  or.  guinea  pigs,  a  very  characteristic  symptom 
of  resistance  is  shown  in  the  inoculated,  organism  to  suporinfcction.  This 
resistance  is  distinctly  expressed  already  from  tho  first  day  of  incubation* 
and  it  obviously  arises  in  the  organism  shortly  after  inoculation,  and  sub¬ 
sequently  reaching  a  certain  maximum,  it  remains  at  the  level  of  the  latter 
during  tho  v.holo  febrilo  period.  In  other  v/o its,  in  I?  the  -.-.hole  infectious 
cycle— frem  the  inoculation  of  the  organism  to  the  disappoarar.ee  of  ailment — 
is  immunologically  characterized  as  a  state  of  "infectious"  or  "non-cterilo" 
immunity. 

Aftor  the  disappearance  of  thQ  pathogenic  agont,  tho  status  of  infec¬ 
tious  immunity  as  an  incomplete  form  of  non-rusceptibility  is  exchanged  with 
a  state  of  complete  post-infoctious  immunity.  F.owovor,  in  a  number  of  cases, 
in  agreemont  with  tho  retention  of  the  pathogenic  agent  in  tho  organism,  tho 
immunity  is  preserved  for  a  certain  time,  and  in  guinea  pigs  even  the  features 
of  non- sterile  immunity. 

Tho  above  noted  fact  of  revealing  a  resistance  to  sup orinf ecticn  due 
to  inoculation  already  in  tho  incubation  period  is  of  a  special  interest  for 
tho  explanation  of  the  rapid  reproduction  of  immunity  mith  the  use  cf  lice 
TF  vacoinos.  V.b  shall  return  zo  this  problom  in  the  section  cm  the  specific 
prevention  of  TF  • 


THE  PH3S0:.S1B>.  OF  CROSSED  ICRJNITY  IN  THE  TYPHUS  FEYEE  CROUP. 


As  it  is  well  known,  in  ..ddxoion  to  epidemic  T?  whoso  pathogenic 
agents  are  the  R?r,  to  the  typhus  fever  group  of  rickottsiases,  belong  also 
tho  opidemio,  or  rat  IF,  caused  by  R.  nooseri,  The  pathogenic  agont  cf 
those  related  rickottsiases  have  a  common  thermostable  antigen,  similar  by 
the  way  to  tho  antigen  OXig  ( CASTANEDA  and  TSIA,  19p3;  CASTANEDA,  1955),  at 
the  same  time  being  different  by  the  presence  of  a  specific  thcrnolabiio 
antigen  (J .  CHAIGI2  et  al,  I9U6).  In  corrospondenco  with  the  indicated,  the 
sera  which  are  immune  to  ono  form  of  rickottsiao,  in  the  oxporinonts  on  ani¬ 
mals  will  give  full  protection  against  a  homologous  infection,  but  at  ths 
samo  timo  to  a  certain  degroo  they  con  protect  also  against  heterologous 
inoculations  (ZINSSER  and  CASTANEDA,  1932).  The  same  is  also  observed  at 
crossed  neutralization  of  the  toxio  substance  of  both  types  of  ricketts' ao 
( CRAIGIE  et  al,  192+6 ) • 

Duo  to  tho  predominance  of  ths  homologous  action  of  immune  sera  over 
the  heterologous  action,  in  the  indicated  experiments  not  only  ths  relation 
of  RPr,  and  R,  mooseri  was  shown,  but  simultaneously  their  difference  vas 
also  illustrated. 


Compared  with  tho  quoted  experiments  of  passivs  protection,  the 
phenomena  of  crossed  immunity  in  the  described  group  of  rickottsiases  ap¬ 
pear  at  tho  collation  of  active  post-infectious  immunity. 

Thus,  numerous  observations  of  various  authors  showed  in  coordinated 
forms  that  animals  and  people  who  passed  through  ono  type  of  rickettsiases 
of  the  discussed  group  usually  booome  non- susceptible  to  the  other  type. 

As  an  illustration  of  this,  we  quote  the  findings  of  G.  SPARROu  < 1935) 
on  oross  immunity  in  guinea  pigs  in  endemic  and  epidemic  TF. 

Thus,  according  to  his  numorous  experiments,  guinea  pigs  which  pussed 
through  an  infection  of  epidemic  7?  or  rat  TF  (R.  mooseri),  showed  full  im¬ 
munity  to  inoculation  with  the  pathogenic  agont  of  epidonio  typhus  (R?r)  in 
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Q6%,  and  under  tho  rovorso  condition  in  9 h%»  In  othor  word s ,  crossed  immunity 
in  guinea  pigs  vac  manifested  in  tho  majority  of  cases. 

It  is  very  important  hore  to  mention  that  crossed  immunity  is  well 
reproduced  also  after  the  transmission  of  an  asymptomatic  infection,  as  this 
was  especially  found  in  experiments  by  the  peritoneal  tost  in  our  laboratory, 
which  ‘is  illustrated  in  Table  11  (E.M.  GOLIKEVICK). 

In  correspondence  with  tho  above  data,  French  authors  in  thoir  tine 
were  successful  in  Ilorth  Afrioa  to  make  extensive  experimental  aotivo  immuni¬ 
zation  of  the  population  with  live  vaccine  against  epidemic  TP,  by  producing 
asymptomatic  forms  of  rat  TF  with  the  aid  of  an  “attenuated"  Looser  virus. 

TAELE  11 


Ko.  c. 

Inoculation 
with  R.  mooseri 

Mo. 

of 

Ir.r.uni' 

?..  pro- 

to 

vclzoIzL 

ini'oet. 

doses 

Lode  of  i  Average 
inoculation i incubation 

Fevor 
(in  days) 

guinea 

pigs 

full 

1 

partial 

100 

1 

Intraabdom. i  10  days 

1 

3.8 

13 

15 

i 

i 

100 

l 

Suocutan.  Asymptomatic  infect. 

1 

20 

20 

-  1 

* 

i 

Together  with  This,  it  is  not  without  interest  to  note  that  in  dif¬ 
ference  from  infection,  even  though  it  would  be  in  an  asymptomatic  form, 
with  the  aid  of  killed  vaccines,  a  cross  immunity  in  the  group  of  IF  ricket- 
tsiases  is  vary  weak,  especially  at  immunisation  of  guinea  pigs  with  killed 
vaccine  made  of  R.  noosori  against  their  infection  with  R.  prowaseki.  In 
the  experiments  of  our  laboratory,  vith  searching  the  immunity  by  peritoneal 
test,  a  crossed  protection  was  practically  nevor  successful  at  all*,  even 
under  conditions  cf  hyporimmunization  with  killed  vaccine  GOLISEVICE). 


SEROLOGY  AND  SS30DIAG30SIS  0?  TYPHUS  FEVER 


la  poop  la  and  ia  animals,  TF  infection  causes  tho  formation,  of  speci¬ 
fic  antibodies"  to  tho  antigen  of  R?r.  Among  those  antibodies  in  tha  order  of 
chronology  of  thoir  discov3ry  we  have  to  names  agglutinins  (OTTO  k  A.  DI2- 
TRICH  (1917);  EPSTEIN,  1920);  conplemont-binAing  antibodies  (E.  JACOBS TAL, 
1917;  G.V*  EPSTEIN,  1922);  opsoninos  (G.V.  EPSTEIN,  1927);  procipitins  (C. 
LIN,  and  T,  KUR0TCKKII5,  1929*;  H.D.  ZAITSEVA,  1952);  to:dn  neutralising  anti- 
bodios  (GIROUD,  1956;  GILDSXSISTER  &  HAAGEil,  19u0);  antibodies  causing  spec¬ 
if  io  hemagglutination  (S,  CHANG,  E.  HURRAY,  J.  SNYDER,  195ii»  E.l'.»  GOLIhaViCh 
and  collaborators,  1955-1060). 


In  agreement  with  this,  various  sarodiagacstic  reactions  wore  v;c:-.:od 

out  for  IF  infection: - tho  reaction  of  agglutination  of  rickottsiaa  (INR), 

the  reaction  of  complement  binding  (C5R),  the  toxin  neutralisation  reaction 
(TNR),  tho  hemagglutination  reaction  (EAR).  Host  recently,  the  reaction  cf 
gel  precipitation  (Z.A.  VORONOVA,  1? 65)  was  added  to  those. 

Howevor,  all  these  reactions  became  accessible  for  practice  only  dur¬ 
ing  the  last  20  years,  af tor  the  methods  of  mass  accumulation  of  R?r  v.er  1  in¬ 
vented  under  laboratory  conditions  in  the  lungs  of  mice  (DURANT)  &  SPARROW, 
19i;0),  and  in  egg  cultures  (COX,  15U0. ) 

As  it  is  roll  known,  instead  of  the  above  mentioned  ccrological  re¬ 
actions  with  an  antigen  nrde  of  KPr,  starting  from  I9I0,  for  a  long  period 
the  serological  diagnostics  of  7?  was  successfully  mado  vdth  tho  help  of  tho 
YffilL-FELIX  reaction,  i.e,  agglutination  of  an  antigen  from  Proteus  OX^.  Ar, 
tho  researches  of  CASTANEDA  and  ZIA  showed  ia  their  tiros  (1935),  tho 
spocifioity  of  tho  V.'oil-Felix  reaction  is  based  upon  a  tho rmc stable  antigen 
comjuon  in  Zuclrottsia  nrewazoki  and  in  Proteus  OX,^. 

It  should  be  mentioned  that  tho  uso  of  the  7SIL-FELIX  roaction  is 
fully  justified  for  tho  sorodiagnocie  of  epidemic  (classical)  5?,  by  being 
in  the  diagnostic  titres  ( 1: 200  and  more)  already  on  tho  first  weak,  and 
shoving  almost  10C#  positively  in  tha  second  v/ee.k  of  sickness. 

Howovor,  in  the  different  countries,  it  was  shorn  in  concord  that 
the  VJEIL-F1SLIX  reaction  is  not  very  suitable  for  tho  serodiagnosis  of  spora¬ 
dic  cases  (forms  of  T?,  in  which  it  is  negative  in  a  larger  percontage  of  tho 
oases  (e.g. ,  up  to  6\.5%  according  to  tho  data  of  Polish  authorc)— a  symptom, 
so  marked  that  it  is  a  characteristic  of  tho  features  of  sporadic  TF  (HURRAY 
et  al,  1950;  KOC5TSHEVSKII  It  V0ITSEKH07SHII,  1959;  C0H3IESCC,  Z ARENA,  ot  al, 
1959;  2.E.  G0LINEVICH,  and  collaborators,  IS 62); 

Finally,  at  tho  prosont  time,  the  Y.EIL-FELTX  reaction  lost  its  diag¬ 
nostic  importance— instead  of  it,  the  above  montioned  sorcdiagnoctio  re- 
aotion  vdth  specific  antigen  mado  from  KPr  camo  into  wide  practice.  Here, 
for  tho  latter  category'  of  reactions,  their  indices  are  also  considerably 
•wido  spread:— thoy  uro  usod  not  only  for  the  so  rod  ia, gnosis  of  TF  ailments, 
i,e.,  at  clinical  tasks,  but  more  and  more  they  are  utilised  for  the  solution 
of  different  epidemiological  problems*  In  correspondence  with  the  above 
mentionod  facts,  we  discuss  first  the  gsneral  characteristic  of  the  more 
important  serological  reactions  for  TF  infection,  and  then  we  shall  separate¬ 
ly  discuss  thoir  use  at  the  clinic  and  in  epidemiology. 
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GENERAL  CEARACTERISTIC  OP  SEROLOGICAL  REACTIONS  V.1TH  AE  ANTIGEN 
LLADS  OPJgCi^rMF pitOV/AZ^KIt  ■ 

* 

la  a  comparative  characterization,  E.F.  GOLIREVICK  proconts  tho  more 
important  serological  reactions  of  TP  infection  in  the  following  fora. 

i.  COIfrLSMENT  BIND'IIIG  REACTION  (CBR) 

An  E.r.  COLIPEVICH  enphasizos,  the  cor.pler.ent  bind  i ±  Ovic  v/ioii 
(CBS)  "by  its  clearness  and  objectivity  of  results  car.  bo  considered  as  the 
main  roaotion  for  the  diagnosis  of  T?  infection".  It  is  important  here  to 
keep  in  mind  that  CBR  permits  not  only  to  reveal  tha  active  form  of  IP 
infection,  moreover  independently  from  the  clinical  severity  of  tho  l-.-.tor, 
but  it  also  assures  a  retrocpoctivo  detection  of  infection,  cufforsd  an  tho 
remote  cud  even  very  remote  past,  Tho  latter  ciroumstanco  makes  CLP.  in¬ 
dispensable  for  tho  solution  of  a  number  of  problems  of  an  epidemiological 
order,  as  this  v.-ill  bo  exposed  in  detail  farther  below. 

A  eircur.3tanco  of  not  &  small  importance  is  also  that  the  - 

mont  binding  antibodies  are  relatively  stablo,  and  thorei'oro  tho  sera  which 
are  subjected  to  examination  vAth  C3R  tolerato  tho  transportation  very  "oil, 
and  they  can  bo  sent  away  in  a  dried  form  on  paper  (\:.A.*  YABLOESKAYA)*, 

In  the  lyophilic  dried  state,  at  preservation  in  vacuum,  the 
sora  can  keop  their  activity  for  CBR  generally  for  an  indefinitely  long 
period. 


Finally,  CBR  can  be  made  both  with  a  corpuscular,  exponsiv-.-  null 
gen  of  RPr,  and  with  a  conpletoly  solved  antigen  of  the  same  rickottsiue,  a 
preparation  incomparably  cheaper  and  easier  for  the  access  to  mass  preoc.ro- 
tion  (E.L!.  GOUHEVICH,  1552), 

In  agreement  with  the  above  indicated,  CBR  is  accepted  as  tho 
main  serologioal  test  both  in  the  USSR  and  in  othor  countries,  includin’ 
Romania,  Poland  and  tho  USA, 

For  -the  revelation  of  active  foros  of  TF  infection,  in  case  of  a 
single  examination,  CBR  is  diagnostically  suro  at  a  minimum  titre  ir.  the 
ordor  of  lrl6o  to  It  J2Q,  and  for  a  retrospective  diaraiostic  it  be  vine  vnih 
a  titro  of  It  10, 


2.  mono:!  c?  indirect  tef’rsclutiiia.tzcij  (ea?.). 

As  it  is  well  known,  tho  basis  of  this  highly  sensitive  tost  is 
tho  agglutination  of  orythrocytes  (for  instance,  sheep  rod  cells)  by  a  spec¬ 
ific  serum,  which  orythrocytes  have  absorbed  tha  antigenic  component  (b.'.t.- 
of  RPr.  3oi ng  a  specific  test,  in  difference  from  CBR,.  EAR  is  oh  >din.d  onh 
during  the  active  phase  of  IF  infection,  or  in  tho  oarly  period  cf  convnl*oj> 
oenoe,  and,  thus,  it  is  not  suitable  for  a  retrospective  diagnosis  of  indi¬ 
vidual  infections.  At  the  same  tine,  which  is  particularly  important.  EAR 
pormits  to  difforentiato  froch  or  relatively  not  old  forms  of  T?  infection 
from  restrospoctivoly  diagnosed  forms.  As  obsorva„icra  cuo.r,  y..-,  yp 
patients,  EAR  appears  in  the  beginning  of  tho  second  week  of  sickness,  said, 
with  some  pormanonce  ond  some  strength,  it  can  keep  on  roughly  until ~6  to 
11  months  after  the  ond  of  siclaxess. 

Just  as  CBR,  EAR  can  be  also  well  or  strongly  marks;;  rot  coi”-  i?. 
the  typical  forms  of  TF,  but  also  in  all  variants  of  obliterated  "  atyn4-'~" 
and  asymptomatic  course  of  TF  infection,  as  this  was  precisely  shown  in  our 
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laboratory,  especially  in  the  reproduction  of  vaccinal  forms  of  infections 
with  the  inoculation  of  the  E  strain  of  R?r  (£.!•'.  GOLINZVI CH  and  V.A. 
YABLGNSKAYA,  1962). 

EAR  is  specific  already  in  a  scran  dilution  of  1:250,  out  ih-  safe 
diagnostic  titre  for  this  test  is  equal  to  dilution  1: 1C  0.  hot  infrequently, 
including  also  the  asymptomatic  forms  of  infection,  the  reaction  is  found  an 
vo ry  hi gh  dilutions  (e. g. ,  Is  12  800).  EAR  is  found  in  the  majority  of  cases 
of  TF  infection,  but  sometimes  it  can  be  absent  when  tho  032  is  pool  live. 


Specially  valuable  results  for  both  the  clinic  and  for  epidemio- 
ligical  examinations  can  be  obtained  by  tho  combination  of  C3R  and  IIAR. 


acgauinv.iion  reaction  or  rickettsiae  (par) . 


Tho  agglutination  reaction,  which  was  known  in  the  past  under  the 
term  of  7.2IGL  reaction,  is  a  very  old  serological  test  for  TF.  As  A'.:-. 

GO LI  HE  VI CH  points  out,  "to  the  advantages  of  RAR  belong  ins  simplicity  and 
technical  goneral  accessibility.  Its  shortcomings  are  the  not  always  wo  11- 
narkod  cioamoss  of  results  which  does  not  exclude  subjoctivi  ty  in  i 
evaluation.  V.orcover,  RAR  is  made  with  corpuscular  antigen  prepared  from 
RPr,  i.o.,  a  vary  oxponsive  preparation,  and  very  troublesome  for  macs  pre¬ 
paration". 

•  AAR  is  r.ot  suitable  for  an  individual  retrospective  diagnosis  of 

TF  infection,  since  already  a  fev;  months  after  tho  passod  sickness  the  ag¬ 
glutinins  disappear  from  the  blood.  In  difference  from  tho  complement  bind¬ 
ing  antibodies,  the  agglutinins  to  RPr  are  relatively  unstable.  Therefore, 
sera  for  agglutination  should  be  examined  in 'the  fresh  form.,  They  arc  non 
suitable  even  for  far  transportation.  Their  dispatch  in  a  dried  form  on 
paper  is  not  permissible. 


Tor  tho  sake  of  economy  with  the  antigen,  various  authors  pro¬ 
posed  various  variants  of  mi c ro agglutinati on  with  the  observation  of  re¬ 
sults  in  drops  or  in  preparations  on  a  slide.  All  these  modifications,  how¬ 
ever,  are  not  suitable  for  wide  practice,  since  thoy  can  load  to  erroneous 
conolusions. 


G.S.  ROSING  proposed  a  "drop"  agglutination  in  small  volume)  with 
tho  use  of  antigen  in  the  form  of  a  phenolized  mixture  of  RPr  made  from  tho 
triturated  stomachs  of  infected  lice.  As  the  investigations  of  Z.A. 

VORONOVA  (1965)  showed,  which  were  made  in  our  laboratory,  tho  r.ontior."’ 
antigen  of  ROSING  actually  is  a  mixture  of  corpuscular  antigen  (boclioo  of 
rickottsiao)  and  dissolved  antigen  in  the  form  of  an  autolysate  of  rickeb- 
tsi&o.  In  mixture  with  immune  serum,  the  reaction  with  ROSING’ s  prepara¬ 
tion  procoods  as  a  combination  of  precipitation  and  agglutination.  Rue  to 
the  presence  of  dissolved  antigen  in  this  preparation,  the  antigen  may  -also 
give  C3R  in  considerable  dilutions  (similar  dilutions  of  corpuscular  anti¬ 
gens  are  not  effective). 

Tho  diagnostio  titre  for  the  RAR  with  tho  ordinary  corpuscular 
antigen  is  equal  to  1: 160  dilution;  tho  same  is  IsliO  with  the  use  of -NO RING’ c 
antigen  with  the  drop  setting  of  the  reaction. 

REACTION  OF  NEUTRALIZATION  OF  THE  RICKETTSIAL  TOXIN. 


Tho  reaction  of  toxin  neutralization,  according  to  the  findings 
of  American  authors,  (HURRAY,  SNYDER,  et  al, ,  1952),  is  one  of  tho  most 
sensitive  tests  for  retrospective  detection  of  T?  infection.  This  reaction 
ie  set  up  on  mice  with  the  use  of  a  certain  amount  of  mixture  of  live 


Rickotusiae  prownzcki  as  tho  toxin.  This  toxin  is  neutralize.!  v.ith  the  addi¬ 
tion  cf  appropriate  dilutions  of  immune  serum.  Tho  results  aro  estimates  by 
tho  percentage  survival  of  test  nice  in  presonco  of  lethal  intoxication  of 
control  animals. 

In  view  of  tho  complexity  of  tho  so tup,  tho  described  test  is  used 
only  in  suitable  laboratories  for  tho  solution  cf  special  p rob lens. 

In  conclusion,  lot  us  point  out  still  tho  skin  alio r--.-  tost,  which 
was  last  year  ( 19 62)  propagated  in  the  laboratory  of  d.N.  TO- bvh-T'/ICii  (I962). 
For  tho  cotup  of  this  tost,  they  used  a  specially  titrated  lysat3  of  R?r, 
which  is  injected  intracutaneously  in  the  amount  of  0.1  ml  on  tho  floxor 
surface  of  the  forearm.  Tho  reaction  is  road  aftor  2i*  and  1*3  hours,  and  if 
tho  outcomo  is  positive,  it  shows  in  the  fora  of  a  circumscribed  redness  and 
a  slight  infiltration  at  the  sito  of  inoculation.  As  tho  observation  of 
K.K.  T0KAH27ICII  and  his  oo-workors  showed  (D.A.  GVOZDILCVA,  I96I),  an  al¬ 
lergic  roaction  is  obtained  regularly  both  in  case  of  an  active  !?  infection, 
and  also  in  people  who  had  had  it  in  tho  past,  and  it  shows  a  good  correla¬ 
tion  with  CBR.  Tho  cutaneous  allergy  t-ost  is  especially  indicated  for  re¬ 
trospective  detection  of  T?  infection  in  case  of  r.ass  examination  of  tho 
population  v.horo  the  use  of  C3R  is  inaccessible. 

Such  aro  the  general  characteristics  of  sero-imunologicai  r  oactions 
used  for  tho  exposure  of  TF  infection  in  its  active  phase  and  retrospectively. 

Let  us  go  ovor  now  to  the  use  of  tho  indicated  reactions  in  a  clinical 
setup  and  in  case  of  epidemiological  investigations. 


EEROOIAGNOSIS  OF  TYPHUS  FEVER  AT  THE  CLINIC. 


Summarising  the  findings  in  the  literature  and  tho  experience  in  our 
laboratory,  in  his  manual  on  the  serodiagaosis  of  TF,  3.N.  COLINEVICH  shows 
that  roughly  in  about  60%  of  IF  patients  spocifio  antibodies  are  found  in 
their  blood  with  the  aid  of  one  or  another  roaction  (C3R,  EAR,  PAR),  begin¬ 
ning  from  the  5th- 7th  day  of  sickness,  and  on  tho  10th  day  the-  antibodies 
are  found  in  almost  all  patients.  Tho  appoaranco  of  agglutinins  (PAR)  can 
bo  outstripped  in  a  number  of  cases  by  the  appcaranco  cf  complement  binding 
antibodies  ( C3R).  Hero,  it  is  characteristic  that  in  patients  with  a  see-" 
ond  infection  of  T?  positive  C3R  is  found  usually  in  a  vory  carl/  scried  in 
comparison  with  patients  with  a  first  infection.  Y,'o  should  cnecia'lly  men¬ 
tion  tho  regular  finding  of  distinctly  or  strongly  marked  HiR  vita  titros 
vithin  tho  ranges  of  1:1000  to  1:61*  000  during  tho  7th  to  10th  day  of  siokr.es 


After  tho  pth  to  7th  day  of  sickness,  the  titros  of  antibodies  begin 
to  increase,  and,  having  reached  tho  maximum  by  tho  15th  day  from  the  start 
of  the  disease,  they  will  then  gradually  decrease.  Here,  tho  titros  of  CBR 
and  RAR  aro  characterised  by  relatively  moderate  olovation  and  decrease, 
while  for  PAR  vory  high  titro  valuos  are  characteristic  at  the  height  of 
their  increase  (up  to  1:61*  000),  and  their  drop  is  relatively  rapid.  Tho 
prescription  of  antibiotics  can  reduce  the  formation  of  antibodies,  especially 
if  they  are  proscribed  early. 


TABL3  12 
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Table  12  gi to3  tho  EAR  and  CBR  during  tho  TF  sickness  and  in  tho  im¬ 
mediate  convalo sconce  (according  to  tho  data  of  E.M.  GOLIiFETICH  and  V»A. 
YABLONSXAYA,  1953)* 

As  to  all  throo  reactions  (RAR,  CBR,  HAR),  tho  same  tirr.o  relations  of 
thoir  appearance  and  tho  titro  ranges  are  shown  in  Table  13  according  to  tho 
data  of  E.M.  GOLIJ32VICH. 


TABLE  13 


Day  from  the  start 
of  tho  disease 

RAR 

CBR 

EAR  | 

5.-7 

1:30—1:  320 

1:80—  1:61+0 

| 

1:150—1:800  j 

10.-15 

1:160—1:2560 

1:160—1: 1021+0 

1:1000—1:614  000 1 

| 

20.-30 

1:160—1: 1260 

1:160—1: 5120 

1: 1000—1: 16  000 

Tho  movement  of  increase  and  decrease  of  tho  serological  reactions,  a 
given  in  Tables  12  and  13,  during  tho  dissaso  and  in  tho  convalescent  period 
is  vory  characteristic  for  tho  serology  of  TF  infection.  In  agreement  with 
this,  tho  sorodiagnosis  of  TF  is  also  tho  most  reliable  with  repeated  examine 
tion  of  tho  blood  at  intorvals  of  a  few  days  vdth  consideration  of  tho  in¬ 
crease  or  drop  in  tho  titre3  depending  upon  the  phase  of  infection.  Horn,  in 
thoso  oases  whore  a  non-spocifio  activation  of  CBR  can  bo  suspoctod  in  tho 
order  of  its  anamnestic  resuscitation,  a  paralloi  sotu?  of  HA.R  is  0  specially 
important  *.vhioh,  as  wa  havo  already  soen,  reveals  tho  active  state  of  TF 
infection. 

As  to  tho  tino  of  preservation  of  tho  specific  serological  reactions 
in  pooplo  who  had  hod  TF  infection,  tho  hereto  pertinent  findings  arc  pre¬ 
sented  in  the  follovdng  fora  (E.M.  G0L2E2VTCK):  tho  agglutinins  to  R?r(  PAR) 
disappear  in  oonv&losoonts  about  8-10  months  lator*  Tho  hemagglutinins  (BAR) 
disappear  in  1-3-6  months.  Tho  complement  binding  antibodios  (CBR)  usually 
are  presorvod  for  years  and  dacados,  'and  upon  thi3  is  based  also  tho  rotro- 
speotivo  sorodiagnosis  of  IF  infection  by  C3R,  which  makes  possible  to  ro-~ 
oonstruot  the  history  of  TF  infection  of  tho  population. 

As  a  supplement  to  the  abovo  exposed  facts,  we  havo  to  quote  a  num¬ 
ber  of  findings  for  the  characteristic  of  the  valuo  of  sorodiagnosis  in  the 
differentiation  of  tho  rosidual  forms,  rosp.  of  sporadic  TF,  which  fre¬ 
quently  runs  in  a  mild  form,  and  makes  its  clinical  diagnosis  difficult. 

Thus,  according  to  oarlier  published  collected  data  for  tho  Russian 
Soviet  Federative  Socialist  Republic,  among  S32  studied  patients  who  had 
sporadic  TF  and  woro  hospitalized  in  several  hospitals  for  sono  years,  in 
75,  i.e,  in  9»1$  too  diagnosis  was  ostablichod  only  on  the  basis  of  sorolo- 
gical  examinations  by  CBR,  at  which  tho  ooroontago  in  tho  various  hospitals 
varied  from  Uc  5  to  'vy%  (?.F.  ZDRODOVSKlf,  i960). 

Tho  quoted  data  on  tho  largo  percontago  of  TF  sickness  cases  of  tho 
sporadio  typo  which  woro  diagnosod  only  serologically  by  CBR  and  EAR,  are 
not  exceptions.  Thay  completely  agroo  vdth  similar  observations  of  various 
authors  in  other  countries  whore  they  experienced  similar  stagos  of  tho 
rosidual  forms  of  TF. 


Thus,  in  Romania  whore  during  1952- 1962  TP  was  systematically  studied 
under  the  leadership  of  Prof.  C0M3IESCU,  and  after  his  death  (1962)  under  the 
guidance  of  Prof.  ZARNEA,  in  the  period  of  the  greatest  spread  of  epidemic 
TF  (1953-1955)*  at  the  diagnosis  of  the  disease  only  10#  of  the  cases  could 
be  found  by  C3R  alone. 

In  tho  following  years,  on  the  basis  of  an  energetic  control  of  pedi¬ 
culosis  and  tho  subsequent  elimination  of  tho  epidemic  forms  of  TP  and  vdth 
the  ultimata  preservation  of  only  the  sporadic  forms  of  tho  disease  (I96I- 
1962),  the  detection  of  TP  ailments  in  1^6#  was  achieved  only  duo  to  tho  sero¬ 
logical  diagnosis  by  CBR  (from  tho  report  of  Dr.  J.  BUZDUGAN,  I963,  a®" 
cording  to  the  communication  of  E.2£.  G0LIN3VICH). 

in  agroomont  vath  the  above,  the  detection  of  mild  forms  of  IF  in¬ 
fection  of  tho  sporadic  typo  does  not  soem  to  be  a  rarity  even  among  poli- 
olinical  patients,  especially  vdth  the  practice  of  preventive  hospitaliza¬ 
tion  of  febrile  ambulatory  patients  vdth  different  disposes  (K.N.  TOKA- 
REVICH  et  al,  1958). 

SEROLOGICAL  RESEARCH  IN  EPIDEMIOLOGICAL  EXAMINATIONS  OF 
TYPHUS  FEVER  AND  THE  PROBLEM  OF  SPECIFICITY  OF  CBR  IN 

L07;  TITHES 


Togother  with  its  huge  clinical  importance,  tho  sorodiagaoses  of  TF 
infection  also  has  a  groat  epidemiological  significance.  Thus,  retrospec¬ 
tively  revealing  TF  sickness  in  the  past,  and  thus  ro constructing  its  his¬ 
tory,  in  mass  examinations  of  the  more  aged  section  tho  serodiagnosis  with 
CBR  makes  possible  to  determine  tho  immunological  structure  of  tho  popula¬ 
tion  in  regard  to  TF  vdth  simultaneous  exposure  of  the  presence  or  absonoe 
of  an  active  sourco  of  infection  at  •the  time  of  examination.  On  the  other 
hand,  by  revealing  all  forms  of  TF  infection  independently  from  tho  clinical 
manifestation,  including  also  cases  of  subclinically  running  infection,  and 
differentiating  tho  past  contaminations  and  ailments  from  tho  current  ones, 
the  combined  sorodiagiosis  vdth  C3R  and  HAP.  is  indispensable  for  tho  most 
accurate  study  of  the  foci  of  TF  and  their  origin. 

In  general,  it  con  be  asserted  vdth  complete  authenticity  that  the 
epidemiology  of  TF  cannot  be  valuable  at  the  present  time  if  it  does  not 
use  6e rolnmuno logical  methods  of  examinations. 

For  the  problem  of  epidemiology,  as  it  is  evident  from  the  above 
faots,  mass  examination  of  the  population  of  the  studied  locality  by  CBR  ac¬ 
quires  a  very  important  value  for  the  retrospective  exposure  of  its  af¬ 
fliction  vdth  TF  infection  in  the  past,  which  at  the  same  time  also  defines 
the  immunological  structure  of  tho  population  in  regard  to  IF.  In  connection 
with  this,  two  questions  of  principal  importance  arise: 

1)  for  vhat  times  in  the  past  does  CBR  retrospectively  reveal 
the  TF  infection,  and 

2)  what  titras  of  CBR  are  acceptable  for  the  retrospective 
detection  of  TF  infection  at  similar  examinations. 

Let  us  answer  first  of  all  the  first  question. 

As  it  was  already  shorn  in  tho  general  characteristic  of  IF  sero¬ 
logical  reactions,  CBR  is  maintained  for  years  and  for  decades  after  a  pas¬ 
sage  through  TF  infection.  This  situation  is  clearly  illustrated  in  Table  li* 
which  presents  the  summary  of  the  hereto  pertinent  observations  of  E.F. 
EPSTEIN  from  the  laboratory  of  K.N.  TOXARSVICH. 


TABLE  11; 


Time  after 
sickness 
in  years 

Numb a  r 
of 

examinees 

Results  by  CBR 

Negative 

Positive  | 

Absol.  number 

% 

*-  * 

20 

- 

20 

100 

O 

r-4 

1 

CVJ 

5k 

10 

kk 

81 

11  -  31 

155 

i*6 

109 

70 

TOTAL 

229 

56 

175 

75 

These  are  tho  chances  of  detecting  TF  infection,  according  to  the  data 
of  E.F.  EPSTEIN  (1952),  ivithin  tho  time  limits  from  -  l*j  year  to  31  years. 

It  should  be  mentioned  that  such  a  detection  con  be  made  even  at  a  much  later 
time  both  according  to  tho  data  in  tho  literature  and  according  to  the  ex¬ 
perience  of  our  laboratory# 

Thus,  for  instance,  H.  PLOTZ  and  co-workers  observed  positive  CBR  in 
people  who  had  TF  26  and  ii3  years  before# 

In  the  author  of  tho  book,  vho  had  had  TF  in  1920,  on  January  I963, 
i#e«,  also  after  1+5  years,  the  CBR  was  positive  in  a  dilution  of  ltUO. 

V.'e  see  thus  that  at  retrospective  examinations,  in  the  majority  of 
oases  tho  CBR  is  manifested  in  titres  from  Is 5  -  1: 10  to  1:20  -  Is  1+0,  with 
an  absolute  predominance  of  the  titros  from  Is  10  to  1:20.  To  what  extent 
are  these  low  and  relatively  low  titres  specific  for  a  retrospective  detec¬ 
tion  of  TF  infection? 


TABLE  13 


Number 

of 

Examinees 

Among  them 
positive  by 

i 

Positive  titres  of  CER  (in  %)  | 

CBR 

1*5 

Is  10 

1:20 

1*1*0 

Is  80- 
ltloO 

Abs.  number 

/o 

5257 

330 

11 

18 

26,  i; 

1 

7,3 

2,3 

1 

1 

In  the  foreign  literature,  the  question  about  tho  specificity  of  CBR 
in  titres  which  are  observed  at  the  retrospective  detection  of  TF  infection, 
is  in  the  following  fom,  # 

A  large  group  of  American  researchers,  with  PRICE  ( 1958)  at  their  head, 
examined  1?03  persons  during  5  years  with  CBR  using  an  antigen  made  from  RPr. 
These  persons  have  emigrated  to  the  USA  not  less  than  25  years  ago  from  East¬ 
ern  and  Southeastern  Europe.  Almost  in  30$  of  these  people,  the  researchers 
found  positive  CBR,  moreover,  in  the  titre  of  Is 5  in  20/S,  1: 10  to  Is 20  in 
63#,  and  higier  than  It  20  in  17%,  The  sara  of  1:5  and  1:10  titres  were 
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additionally  examined  by  the  neutralization  reaction  vdth  rickettsial  toxin. 
The  latter  showed  a  positive  reaction  in  all  cases,  which  confirmed  tho  spoci- 
ficity  of  the  CBR  in  the  indicated  dilutions  of  1:5  and  Is  10.  Uoroover,  it 
was  shown  that  out  of  100  sora  which  wore  nogativo  with  CBR,  a  positive  neu¬ 
tralization  reaction  could  be  obtained  in  5*  which  provod  the  groat  sensi¬ 
tiveness  of  the  latter  compared  vdth  CBR  (see  below). 

Finally,  JOS  persons  with  positivo  CBR  were  examined  repeatedly  not 
less  than  three  times  in  a  year,  and  in  8  out  of  them  during  this  period 
the  positive  CBR  and  the  reaction  of  toxin  neutralization  changed  to  a  nega¬ 
tive  one* 


As  a  control,  the  Amo ri can  authors  examined  i»81  sera  of  people  who 
were  bom  in  tho  USA,  end  by  age  corresponded  to  tho  group  of  tho  serologi¬ 
cally  studied  immigrants.  In  all  examinees  the  CBR  was  nogativo.  With  sup¬ 
plemental  examination  of  tho  sera  of  120  persons,  negative  results  wore  also 
obtained  by  the  toxin  neutralization  reaction. 

Finally,  the  sera  of  201  persons  were  examined  with  tho  CBR  who  were 
bom  in  the  USA  from  parents  vdth  positive  reactions  and  who  were  living 
together  with  thorn.  Not  a  single  one  of  them  gave  a  positive  reaction  in 
any  6erum  dilution  used.  It  should  bo  mentioned  that  th6  revealed  observa¬ 
tions  of  PRICE  and  his  co-workors,  published  in  1956*  ware  fully  corroborated 
by  the  collected  observations  of  LCURRAY,  SNYDER  et  al.,  which  refer  to  1952. 
The  latter  authors  observed  positive  results  in  20  out  of  50  immigrants  with 
their  complete  absence  in  a  control  group  of  people  bom  in  tho  USA  and 
Canada.  Here  the  nontioned  authors  established  ihat  for  a  retrospective 
exposure  of  TF  infection  the  most  sensitive  tost  is  a  serological  response 
to  tho  introduction  of  a  killed  vaccine  ex'  RPr,  i.e.,  the  effect  of  revac¬ 
cination.  Close  in  sensitiveness  to  this  test  is  Ihe  reaction  of  neutrali¬ 
zation  of  rickettsial  toxin,  and,  finally,  tho  third  place  belongs  to  CBR, 

Numerous  examinations  in  our  laboratory  and  tho  findings  of  other 
domestio  authors,  in  correspondence  with  the  abovo  exposed  facts  and  ob¬ 
servations  of  American  investigators,  fully  confirmed  tho  unquestionable 
specificity  of  CBR  in  titres  which  interest  us  and  which  are  shown  at  re¬ 
trospective  examinations  of  the  population  for  TF  infection. 

Thus,  according  to  the  data  of  G.F.  DOLGOV  &  N.l!.  BALAEVA,  a  good 
correspondence  was  shorn  between  CBR  in  titres  1:10  -  1:1*0  and  the  neutrali¬ 
zation  reaction  of  rickettsial  toxin  (Table  16), 

The  specificity  of  CBR  is  also  very  convincingly  demonstrated  by  the 
results  of  mass  examination  vdth  -this  reaction  of  children  cad  youth  of  tho 
collectives  of  different  cities  of  the  RSFSR  and  the  Belorussian  Soviet 
Socialist  Republic,  looated  in  the  zone  of  sporadic  TF,  i.e,,  in  absence  of 
aotive  sources  of  infection  (Table  17). 

Thus,  at  the  examination  of  1009  children  and  young  people  only  in 
1  oaso,  i.o,  in  0.1#  of  the  examinees  was  a  positive  CBR  observed  in  a  titre 
of  1:10.  At  Ihe same  time,  at  a  parallel  examination  of  21*30  inhabitants  of 
the  some  zone  in  the  30  to  60  years  age  group,  a  positivo  CBR  of  the  titre 
of  1*10  and  higher  was  retrospectively  deteoted  in  the  average  limits  of 
11.7  to  17#. 
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21 

TABLE  16 


1.  Titro  of  sera  by  C3E;  2.  Number  of  examined  sera;  3.  results 
of  examination  by  the  neutralisation  reaction;  4.  positive; 

5«  negative;  6.  less  than  Is  10;  7»  Nogativo  CBR  sera  of  per¬ 

sons  who  hod  had  typhus  fever  in  the  past;  8*  Sum. 


7  a  6  a  ;i  u  a  17 
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TABLE  17 


1,  Authors;  2.  Number  of  examined  children  and  youth;  3*  aG5 
group  in  yoars;  ii.  Pocitivo  C3R  (1:10);  5»  Nogativo  CBR  in  the 
1:10  dilution;  6.  2  months  to  6  years;  7 •  G.F.  BOLGOV; 

8.  K.N.  TOKAREVI CH,  KAKSHD-TSIS;  9.  G.R.  GAZIZOVA;  10.  V.A. 
YABLONSKAYA  at  al;  11.  Total. 


In  a  group  of  3^2  children  in  the  age  up  to  6  years,  ospocially  thorough¬ 
ly  studied  by  G.F.  DOLGOV,  the  results  of  GBP.  examinations  aro  given  in  detail 
in  the  following  form  (Tablo  18). 


T  a  6.i  im  a  18 


Ilpoiiciir  iiec.ie.ion.iiiiiLix 
CMnnnnrnK*  no  iinro- 
CT3M 


10  12 


iVjy.lbfaTLi  HO  PCK  loTpmuTiMi.iiNc!  1 


TABLE  18 


1.  Age  group;  2.  months;  3*  years;  U*  percentage  of  tho 
examined  sera  by  the  ago  groups;  5*  results  by  C3R;  6.  Negative 
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For  the  characterization  of  the  ccnsitivonoss  and  ra liability  of  CBR 
it  is  not  without  interest  to  introduce  an  observation  of  G.F,  DOLGOV  who  in 
a  two-months  child  found  a  positive  C3R  with  a  titro  of  1: 10.  It  vas  shown, 
however,  that  his  mother  had  had  T?  and  had  a  positivo  CBR  in  the  titro  of 
1:160.  In  other  words,  in  this  case  the rc  was  transfer  of  the  specific  anti¬ 
bodies  from  the  mother  to  the  fetus. 

Tho  following  experiment,  conducted  by  C-.F.  DOLGOV  in  tho  Byelorus¬ 
sian  Soviet  Socialist  Republic,  in  its  turn  convincingly  illustrates  the 
specificity  of  CBR  with  rickettsial  antigen.  On  the  territory  of  tho  Bye¬ 
lorussian  Soviet  Socialist  Republic,  in  tho  period  of  occupation  of  tho  aroa 
by  Fascist  troops  during  tho  Second  world  V.'ar,  a  large  1?  outbreak  occurred 
which  is  retrospectively  reflected  in  positivo  CBR  with  an  antigen  proparod 
from  RPr.  But  on  tho  territory  of  the  Byelorussian  Soviet  Socialist  Repub¬ 
lic  tick-borne  rickettsiasis  is  absent,  and  the  Q-fever  is  not  known.  G.F. 
DOLGOV  made  serological  tests  on  729  Persons  in  one  of  the  BSSR  (Byelorus¬ 
sian)  rayons  with  a  parallel  setup  of  CBR  vath  three  antigens:— one  from 
RPr,  one  from  tickbome  typhus,  and  one  from  rickettsias  of  the  Q-fever, 

The  results  of  this  complex  examination  in  age  groups  are  shown  in  Figure  27. 


C-C  712  1313  }?HZt-30.V*r<-?;<0  U 
Hur-ptum/me  rp^nnti  .-fee 
tn  67  73  63  113  7  3  123 

KonavKaSs  aStetieUsh-ux  cf~  cef 

Figure  27.  -  Graphs  of  distribution  of  positive  CBR  by  age 

groups  made  with  antigens  from  R.  prowazeki  (1), 

R.  buracti  (2),  and  of  tickbome  rickettsiasis  (3) 
according  to  G.F.  DOLGOV. 


Y.b  oan  coo  thus  that  the  -■••rvc  of  the  retrospective  detection  of  peo¬ 
ple,  who  were  infected  with  If,  with  the  aid  of  C3R  gave  a  typical  picture  of 
a  rise  with  a  peak  characteristic  for  elderly  groups.  At  tho  same  time,  with 
tho  use  of  an  antigen  from  rickettsiac  of  tickbome  typhus,  03?.  gave  negative 
results  in  all  examined  persons,  and  with  an  antigen  made  from  Burnet’ s  ricket- 
tsiae,  C3R  gave  a  positive  result  only  in  a  single  case  with  a  titre  of  1:10 
in  the  1*1-50  ago  group. 

The  quoted  experiment  thus  clearly  shows  that  the  observed  curve  of 
positive  CBR  with  RPr  antigen,  with  its  progressive  increase  from  the  younger 
age  group  toward  the  older  and  eldorly  groups,  cannot  be  considered  just  the 
result  of  a  "serological  maturation",  as  it  could  be  suggested,  considering 
such  kind  of  hypothesis  as  was  announced  by  a  few  authors  in  regard  to  the  forma- 
tion  of  antibodies  (H.  HTRSCZF2LD,  193^)« 
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Finally,  the  specificity  of  CBR  vdth  R?r  antigon  is  excellently  il¬ 
lustrated  by  tho  very'  close  coincidence  of  its  results  with  the  results  ob¬ 
tained  in  parallel  examinations  by  tho  skin  allergic  tost  vdth  intracutaneous 
injection  of  a  lysate  mode  from  R?r.  As  it  was  established  by  DVOZDILOVA  in 
the  laboratory  of  IC.N.  TOKARSVICII,  the  indicated  coincidence  refers  also  to 
cases  of  TF  sickness  which  wore  examined  under  clinical  conditions,  as  roll 
as  to  the  results  of  retrospective  detection  of  TF  infection  among  tho  popu¬ 
lation  v/hich  v.ero  subjected  to  TF  outbreaks,  Tho  curve  of  positive  CBR  find¬ 
ings  and  positive  allergic  tests  by  age  groups  practically  fully  coincides  in 
the  latter  case.  As  an  illustration  v.e  quote  one  of  the  experiments  of  retro¬ 
spective  detection  of  TF  infection  by  both  reactions  rhich  are  quoted  by  D.A, 
GVOZDILOVAs—  -among  ljlt  examined  persons  positive  results  by  CBR  and  by  al¬ 
lergic  tests  were  obtained  in  Sh  subjects  vdth  full  agreement  of  both  roactions. 

In  correspondence  vdth  all  this,  it  is  completely  clear  that  C3R  vdth 
an  ontigon  mode  from  R?r,  being  completely  a  specific  test,  beginning  vdth  a 
serum  dilution  of  It  10,  invariably  gives  a  negative  result  in  other  infec¬ 
tious  and  somatic  ailments,  or  it  is  shown  in  them  at  such  a  percentage  which 
corresponds  to  the  retrospective  detection  of  TF  infection  in  tho  past. 

This  situation  is  clearly  illustrated  in  "the  summary  Table  19,  compiled 
aooording  to  die  data  of  0.8,  GAZIZOVA, 
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TABLE  19 


1, , .Diagnosis;  2, ..number  of  patients;  5* • .number  of  sera; 

vivu j  a. . .  .xCiCoomo  encephalitis;  b... Per¬ 
sons  who  had  tLckbome  encephalitis  in  195a- 1959;  c...Q-fevor; 
d... Persons  who  had  had  sickness  from  a  C-fevor  focus;  e.,,Kon- 
orhrhagic  fovor;  f . . .Inf luonza  (1959  opidemic);  g, ..Tuber¬ 
culosis;  h... Abdominal  typhoid ,  paratyphoid;  i... Total, 


Similar  results  were  also  obtained  by  G.F.  DOLGOV  who  examined  1582 
persons  with  CBR  in  one  of  the  ESSR  oblasts,  afflicted  at  the  idee  of  ex¬ 
amination  by  various  ailments  of  r.on-TF  etiology.  The  hereto  pertinent  re¬ 
sults  of  the  examination  are  summarized  in  Table  20, 


1-8711  ..  Page  68 


| 

Mnc.10  n.’UOpOTOK, 

-fc - - - 

i Id'lOlKtltP.TbHIJC  pC*y.UT»TU 
no  PCK 

no  PC K 

1  : 10-1  : 40  1 
1 

1  : 80  n  uuuic 

*  Tpiimi 

—  OCTpMli  KSTap  uopximx 

!  2G0  j 

1  1 

38 

5 

•  .•thi.WTC.M.mox  nyTcf:  i 

•3  IlpoMiie  ii  iipocTjuiii'ie 

K/'jl  J 

GO 

" 

5 

3a(jo.iCjiaiii:n 

206 

38 

0 

7  PCPM3TK3M,  .‘Ilirmiu 

C7  ! 

1  2 

2 

f'  IIiicuMomm,  CponxiiT 

06  ! 

2 

i  Bpniinioii  tii(|i,  nnpaTit$M 

6G 

12 

0 

•/ Bo.iejiib  BoTKima 
i'llpo'ine  iiiiiJ>ci(niioiiiibie 

38 

.3  j 

0 

3n6o.icBamin 

9  CepAcmio-cocjw.ncTuo 

90 

:  »■- 

1  ! 

3 

3;i0o.icnaiiiin 

42 

1  7  ! 

1 

/»(5  cc  . . 

1582 

|  191(12,’.  M)  ! 

18(1,1%) 

j  209  (13,206) 

TABLE  20 

a. . .Clinical  diagnosis;  b« . .numb  or  of  cGra,  examined  by  CBR; 
o... positive  results  by  CER;  d...l-:80  or  higher;  1..  .inf  luenza; 
2. ..acute  catarrh  of  the  upper  respiratory  pathways ;  J. . . other 
and  common  cold  ailments;  i+. . . rheumatism,  angina;  5* •  .pneumonia, 
bronchitis;  6. •  .abdominal  typhoid,  paratyphoid;  7... Botkin's 
disease;  8. ..other  infectious  diseases;  9* • .cardiovascular  dis¬ 
eases;  10... Total. 


As  it  can  be  seen  from  Table  20,  among  the  serologically  examined  1582 
porsons  with  various  clinical  diagnoses,  G.F.  DOLGOV  found  positive  C3E  with 
HPr  antigen  in  a  total  of  209  porsons,  or  in  13.2/$.  These  results  fully 
coincide  vith  the  examination  of  2770  healthy  persons  by  the  same  CBR  and  at 
the  same  place  in  W’hom  a  positive  C3R  with  titres  from  ls.10  to  1:30  was  found 
even  in  13^.  In  other  words,  among  patients  of  non-TF  etiology  the  positive 
CBR  was  monifestod  as  a  rotrospeotivo  test  for  TF  infection  in  the  past,  more¬ 
over,  within  the  ranges  of  its  findings  in  the  population  of  the  given  locality. 

At  the  analysis  of  positive  results  G.F.  DOLGOV  specially  separated 
18  cases  of  positive  CBR  with  titres  of  1:80  .or  higher.  In  case  of  supple¬ 
mental  examination  of  these  patients  with  HAS,  which  differentiates  active 
TF  infection,  in  all  cases  he  found  nogativo  results.  Hsnce,  the  author  made 
the  reliable  conclusion  that  in  the  mentioned  group  of  18  persons,  evidently 
a  revival  of  anamnestic  CBR  took  placo  under  the  influence  of  on  associated 
infection — a  phenomenon  known  for  a  long  time  in  respect  to  anamnestic  reactions 
generally.  Further  on,  G.F.  DOLGOV  specially  singles  out  2  cases  of  positive 
CBR  in  titres  of  1:10  and  It 80  which  ho  observed  in  two  children  of  3  years 
of  age,  without  a  TF  anamnesis.  At  tho  moment  of  tho  examination  the  children 
suffered  from  rheumatism  and  pyelocystitis.  Tho  author  considers  -these  two 
findings  as  non-spocific,  constituting  only  about  0.15?  in  tho  examined  group. 

Thus,  vra  see  that  tho  specificity  of  CBR  with  R?r  antigen  is  uomon- 
strativoiy  confirmed  also  in  the  mass  control  use  of  tho  reaction  in  patients 
with  the  most  diverse  ailmonts  of  non-TF  etiology.  As  a  retrospective  test 
for  TF  infection  in  tho  past  this  reaction  is  displayed  in  patients  within 
the  range  of  its  spread  among  tho  local  population.  As  to  the  possibility 
of  a  non- specific  CBR  with  rickettsial  antigen,  it  is  limited  to  very  rare 
exceptions  (2  doubtful c ases  in  more  than  2000  observations),  which  were  ob¬ 
served  within  the  ranges  of  reliability  of  the  sorological  tosts  in  general. 
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In  conclusion,  its  introduce  an  illustration  of  the  epidemiological 
agreement  of  the  data  of  sorological  examination  of  a  healthy  population  v.ith 
CBR  by  age  groups  for  localities  which  are  in  favorable  and  unfavorable 
conditions  in  regard  to  epidemic  IF. 
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TABU2  21 

a. ..age  (in  years);  b.. .Total;  1.. .Number  of  examinees; 

2... positive  CBR,  5... Average. 


In  Table  21  the  summary  data  are  presented  of  CBR  examinations  of 
512I;  healthy  people  of  different  ages  from  5  cities  of  the  RSFSR  which  in 
tjio  time  of  examination  ware  free  of  epidemic  IF.  How, over,  during  tho  Second 
World  War  these  cities  wore  subjected  to  TF  infection,  but  now  have  only  in¬ 
dividual  sickness  cases  of  sporadic  typhus. 

From  Table  21  it  is  thus  obvious  that  the  smallest  percentage  of 
positive  CBR  concerns  the  age  groups  of  7-12  years  and  19-25  years  which  are 
highly  susceptible  to  TF.  This  proves  that  in  tho  post-war  years  in  the  ex¬ 
amined  collectives  the  circulation  of  the  virus  w,us  absent,  or  it  was  weak  in 
difference  from  previous  years  (the  war  years)  when  it  was  extensive  and 
caused  a  high  percentage  of  positive  reactions  (11,7%  -  17%)  in  people  of 
the  mature  and  elderly  age  groups.  This  picture  of  agewdse  distribution  of 
positive  CBR  at  tho  same  time  shews  the  abccnco  of  active  sources  of  TF  in¬ 
fection,  which  in  its  turn  is  illustrated  by  individual  cases  of  sporadic 
typhus  fever  essentially  among  people  of  tho  mature  and  older  age  grouos. 


1.. .Ago  (in  years  of  the  examinees;  2. . .Agricultural  district  I; 

5.. . Agricultural  district  II;  1;.. .absolute  number  of  examinees; * 
5*,,%  ef  positive  cases  by  C3R;  &«« .absolute  number  of  examinees; 

7.. . percentage  of  positivo  cases  by  C3R;  8... Total;  9...50  and 
higher. 
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A  complete  different  picture  of  the  lcrvol  and  ago  distribution  of 
positive  CBR  with  RPr  antigen  is  noticed  at  serological  examination  of  the 
louse-infested  population  of  localities  v.hich  are  endemic  for  epidemic  IP  in 
presence  of  active  sources  of  infection.  This  situation  is  clearly  il¬ 
lustrated  in  Tabic  22  which  summarizes  tho  results  of  CBR  serological  exami¬ 
nation  of  one  of  the  rural  districts  of  Peru  v.horo  epidemic  TF  is  endemic 
(according  to  the  data  of  J.  L'OIITG'fA*  JORDAN,  J.  FCX,  et  al. ,  1955)* 

Thus,  v:o  can  see  from  Table  22  that  for  the  localitios  afflicted 
with  epidemic  TP,  in  addition  to  the  hi?Ji  average  indices  of  positive  sero¬ 
logical  findings  (h£>%)>  vory  characteristic  is  the  prosonce  of  large,  high, 
and  very  high  serological  indices  in  tho  groups  of  infants  and  young  folks 
of  the  population,  v/hich  is  in  strong  contrast  vdth  similar  indices  of  the 
retrospective  serological  analysis  of  the  population  v.ith  residual  forms  of 
sporadic  sickness  cases  (see  Table  21). 

Summarizing  all  tho  abovo  made  statements,  v:a  must  mako  the  unique 
conclusion  as  to  the  unconditional,  undoubtod  specificity  of  CBP.  v.ith  R?r 
antigen  in  titres  in  the  range  of  1:10  -  1:20  and  higher,  employed  at  epi- 
doniological  investigations  in  connection  vdth  TF  infection.  In  its  turn 
this  statement  is  the  foundation  of  two  inferences  of  fundamental  impor¬ 
tance: 

1)  the  unquestionable  reliability  of  the  lav.-s. manifested  by 
the  serological  methods  of  examinations,  and 

2)  the  unconditional  necessity  of  employing  those  serological 
methods  for  a  thorough  epidemiological  study  of  T?  infection.  As  v;a  have 
already  remarked  above,  modem  epidemiology  of  TF  cannot  be  of  full  value 
•vdthout  the  use  of  serological  methods  of  investigations  and  examinations 
of  the  population. 
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EPIDEMIOLOGY  OF  TYPIIUS  FEVER  -  MEASURES  FOR  ITS 
CONTROL  AND  GENERAL  PREVENTION 

Two  basic  peculiarities  characterize  the  modern  study  of  TF  epidemio¬ 
logy:— the  first  of  them  refers  to  individual  analysis  of  epidemic  and  spora¬ 
dic  recurrent  forms  of  TF;  while  the  other  is  related  to  the  wide  use  of  sero- 
immunological  methods  for  the  detection  of  TF  infection,  as  we  have  seen  it 
already  before,  which  in  many  respects  were  newly  appropriated  in  recent  years. 

In  correspondence  with  this,  further  on' we  expose  separately  the  modern 
data  on  epidemic  and  sporadic  TF,  in  the  International  WHO  Nomenclature  of 
Diseases,  the  latter  being  identical  with  Brill's  disease,  or  more  precisely 
Brill-Zinsser 's  disease.  Such  a  subdivision  of  TF  is  not  made  to  oppose  its 
two  forms,  since  epidemic  and  sporadic  TF  have  one  and  the  same  pathogenic 
agents,  and  under  suitable  conditions  (pediculosis)  sporadic  TF  can  pass  over 
into  epidemic  TF.  However,  the  clinical  epidemiological  characteristics  of 
the  two  forms  of  TF  are  such  that  in  a  number  of  cases  their  undifferentiated 
description  under  the  common  term  "typhus  fever"  could  give  a  distorted  pre¬ 
sentation  of  the  actual  condition  in  a  given  locality  or  State  in  regard  to 
TF  infection.  As  an  illustration  of  the  above,  it  suffices  to  say  that,  e.g., 
according  to  the  requirements  of  the  International  Nomenclature  of  Diseases, 
epidemic  TF  is  subject  to  obligatory  recording  in  that  system,  whereas 
sporadic  typhus  fever  is  not  counted  at  all. 

In  the  Chapter  on  the  serology  and  serodiagnosis  of  TF,  we  already 
discussed  the  importance  of  sero-immunological  examinations  for  the  epide¬ 
miology  of  TF,  without  which  modern  epidemiology  could  not  be  full-fledged. 
Further  on  in  the  discussion,  we  will  again  return  to  this  question,  by 
illustrating  the  hereto  pertinent  epidemiological  laws  with  data  which 
accumulated  in  our  country  and  abroad  on  the  detection  of  various  varieties 
of  atypical  and  subclinical  forms  of  TF  infection,  on  the  status  and  im¬ 
portance  of  the  immunological  structure  of  a  population,  and  so  on. 

In  the  exposition  of  TF  epidemiology,  let  us  deal  first  of  all  with 
the  modern  characteristic  of  its  epidemic,  i.e.,  classical  forms. 


EPIDEMIC  TYPIIUS  FEVER. 

The  epidemiology  of  epidemic,  classical,  or  louse-borne  TF,  in  cor¬ 
respondence  with  modern  data,  is  based  upon  the  following  generally  accepted 
theses:— a  sick  person  is  the  only  source  of  TF  infection  which  is  spread 
among  the  healthy  susceptible  subjects  by  means  of  body  lice,  and  partly  also, 
probably  by  head  lice.  The  infected  louse  excre'es  the  pathogenic  agent  of 
TF  with  its  fecalia,  by  which  the  infection  of  people  also  occurs;  moreover 
in  infected  lice  there  is  no  transovarian  infection,  wherefore  they  cannot 
be  reservoirs  of  the  TF  virus,  as  this,  e.g.,  takes  place  in  a  number  of 
other  rickettsiases  whose  carriers  are  ixodide  ticks.  In  the  final  result, 
the  circulation  of  the  TF  virus  is  limited  to  virus  rotation  in  the  chain 
man-louse-man  in  a  strict  monoxenousness  of  the  carrier. 

At  blood  sucking  on  patients  the  body  louse  can  become  infected  with 
TF  virus  at  all  phases  of  its  metamorphosis  after  its  hatching  from  nits, 
but  the  infectiousness  of  lice  varies  depending  upon  the  time  of  the  disease 
and  its  severity.  Thus,  according  to  the  data  of  V.I,  MITROFANOVA  (1945), 
in  the  first  week  of  the  disease  the  infectiousness  of  lice  is  42%,  in  the 
second  week  34%  and  in  the  third  week  26%;  moreover,  according  to  the  data  of 
G.S,  MOSING  (1937),  in  severe  TF  cases  after  a  single  blood  sucking  in  the 
first  week  of  the  disease  the  infectiousness  of  lice  reached  60-80%,  and  in 
the  mild  forms  only  2-3%.  In  5-147,  the  blood  can  be  infectious  for  lice  also 
in  the  incubation  period  1-2  days  before  the  start  of  fever  in  the  patient 
(V.I,  MITROFANOVA,  1945),  and  sometimes  1-2  days  after  the  start  of  the  fever 
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(positive  findings  in  3  cases  out  of  10  examinees—  B. I.  RAIKHER,  1939).  Ac¬ 
cording  to  the  observations  of  G.S.  HOSING,  1937),  in  addition  to  the  time 
and  severity  of  the  disease,  the  infectiousness  of  lice  is  also  influenced 
by  the  duration  and  the.  repetition  of  their  blood  sucking.  Here,  it  should 
be  considered  that  the  body  louse,  which  is  living  on  linen,  several  times 
daily  passes  over  to  the  body  surface  for  blood  sucking,  with  a  length  of  the 
digestive  phase  of  about  5  hours. 

In  correspondence  with  the  above  statements,  as  L.V.  GROMASKEVSKII 
indicates  (1947),  "a  TF  patient  is  apt  to  serve  as  a  source  of  infection  dur¬ 
ing  a  period  of  not  more  than  20-21  days  (the  last  1-2  days  of  incubation, 
the  16-17  days  of  the  febrile  period  and  1-2  days  of  apyrexia)". 

Depending  upon  the  infecting  dose  and  the  environmental  temperature, 
the  period  of  the  presence  of  rickettsiae  in  the  organism  of  lice  can  vary 
from  3  to  18  days.  Under  optimum  conditions  of  infection,  at  a  temperature  of 
30°-32°,  rickettsiae  are  experimentally  found  from  the  4th  to  5th  day  of  in¬ 
fection,  and  they  reach  the  maximum  multiplication  in  the  gastric  epithe'lium 
of  lice  on  the  8th  to  9th  day  (A.V.  PSHENICHNOV,  B.I.  RAIKHER).  In  corres¬ 
pondence  with  the  indicated,  according  to  the  data  of  B.I.  RAIKHER  (1944), 
the  infectiveness  of  lice  picked  from  a  patient  on  the  second  day  of  his  sick¬ 
ness  was  equal  to  0;  in  lice  picked  on  the  third  day  was  1.497.;  on  the  4th 
day. .. .3.55%;  on  the  5th  day. .. .3.68%;  on  the  6th  day.... 5. 4%;  on  the  7th 
day. ..  .5.97.;  and  on  the  8  th  to  10  th  day...  32. 2%. 

Under  the  effect  of  an  infected  blood  sucking  a  specific  rickettsiasis 
develops  in  lice  with  abundant  multiplication  of  RPr  in  the  epithelium  of  the 
stomach.  This  leads  to  destruction  of  the  epithelium  with  the  release  of  a 
mass  of  rickettsiae  into  the  lumen  of  the  gastro-inrestinal  tract,  and  their 
subsequent  elimination  with  the  fecalia.  In ^comparison  with  an  equivalent 
weight  of  infected  lice,  the  contents  of  rickettsiae  in  the  fecalia  is  con¬ 
siderably  less,  but  due  to  their  high  concentration  in  the  stomach,  and  in 
view  of  the  high  susceptibility  of  people  to  TF  infection,  the  fecal  excre¬ 
tions  possess  a  sufficiently  high  virulence  for  man. 

Human  infection  itself  does  not  take  place  through  the  bite  of  in¬ 
fected  lice,  as  this  was  originally  proposed  by  CH.  NICOLLE  (1909),  since 
virus  is  not  contained  in  the  salivary  glands,  and  at  the  blood  sucking,  it  is 
not  excreted  through  the  oral  apparatus  of  TF  lice  (DA  ROCHA-LIHA-WEIL,BREINL) , 
with  the  exception  of  cases  of  a  mechanical  contamination  of  the  proboscide 
apparatus  with  Rickettsiae  prowazeki.  According  to  the  generally  accepted 
opinion,  based  upon  experimental  and  epidemiological  observations,  human  in¬ 
fection  with  TF  occurs  through  the  fecal  excrement  of  lice  at  their  dropping 
upon  the  organism  through  superficial  injuries  of  the  skin  which  are  formed 
at  scratching;  moreover,  by  the  same  mechanism,  infection  is  possible  also 
by  crushing  the  lice.  It  is  very  important  to  remark  that  (according  to  the 
data  of  E.N.  PAVLOVSICII  and  A.  STEIN)  the  very  act  of  the  blood  sucking  of 
lice,  connected  with  injection  of  saliva,  promotes  infection  through  the 
superficial  injury  of  the  skin.  The  matter  is  so  that,  according  to  the  ex¬ 
periences  of  the  mentioned  authors,  the  saliva  of  lice  contains  the  secre¬ 
tion  of  pod-shaped  glands  which  has  a  local  effect  upon  the  human  skin,  being 
manifested  in  the  form  of  papulae  with  the  sensation  of  pruritus  and  burning, 
destruction  of  the  epidermis,  destruction  of  the  vessels  and  superficial  blood 
extravasations.  Due  to  the  inflammatory  dilatation  of  vessels,  the  blood 
sucking  of  lice  is  facilitated,  but  at  the  same  time  the  above  mentioned 
lesions  of  the  skin,  arising  at  the  site  of  the  lousebite,  assist  in  its  ex¬ 
coriation,  and  thus  prepare  the  "portal"  for  the  penetration  of  the  agents  of 
TF  infection  which  are  contained  in  the  fecalia  excreted  by  infected  lice. 


1-8711 


Page  73 


I  addition  to  the  excoriation  and  small  wounds  of  the  skin,  the  pos¬ 
sibility  3  also  unquestionable  that  a  TF  inoculation  occurs  with  the  drop 
of  fecalia  and  material  from  crushed  infected  lice  upon  the  mucous  membranes, 
especially  upon  the  mucosa  of  the  conjunctival  sac  of  the  eye  or  of  the  upper 
respiratory  pathways.  This  has  been  known  already  long  ago  from  corresponding 
experiments  of  previous  authors  (H.  SPARROW,  LUMBROSO,  1929);  LEPINE,  1932; 

CH.  NICOLLE  and  collaborators,  1935),  and  not  so  long  ago,  it  was  again  con¬ 
firmed  in  our  laboratory  with  the  application  of  fecal  virus  from  infected 
lice  upon  the  conjunctiva  of  the  eye  of  cotton  rats  (G.M.  DUTOVA,  1963). 

The  in tra laboratory  TF  inoculation  of  the  staff  which  works  in  pre¬ 
sence  of  open  sources  of  infection  with  formation  of  aerosols,  undoubtedly 
happens  by  the  aerogenous  pathway,  evidently  with  regard  to  the  very  high 
sensitiveness  of  the  respiratory  pathways  to  TF  infection.  Hence,  the  in¬ 
fection  of  the  laboratory  personnel  which  works  with  TF  pulmonary  rickettsi- 
asis  in  rodents,  especially  in  mice  is  practically  almost  unavoidable.  Since 
at  the  sama  time,  as  we  have  seen  earlier,  the  rickettsiae  which  are  contained 
in  the  fecalia  of  lice  can  be  preserved  in  the  outside  environment  for  a  long 
time,  sometimes  for  months,  some  authors  emphasize  the  importance  of  dust  in¬ 
fection  in  TF.  Not  overestimating  the  importance  of  such  an  infection,  es¬ 
pecially  under  laboratory  conditions,  the  latter  cannot  be  considered  evidently 
when  an  infection  is  probable,  for  instance,  through  the  clothes  of  a  TF 
patient. 

The  human  susceptibility  to  TF  infection  is  very  high.  In  particular, 
according  to  the  data  of  A.V.  PSHENICHNOV,  TF  can  be  provoked  in  man  even  by 
1/5000  of  louse  larva  infected  with  RPr.  However,  we  have  to  distinguish  on 
the  one  hand  an  almost  general  susceptibility  of  people  to  TF  infection,  and 
at  the  same  time  an  individual  variable  capacity  to  classical  TF  sickness 
under  the  influence  of  infection  with  RPr.  This  position  is  especially 
clearly  manifested  at  the  study  of  the  sero-immunological  and  clinical  reacti¬ 
vity  of  the  collectives  to  inoculations  with  the  attenuated  E  strain  of  RPr, 
which  keeps  a  residual  virulence  and  is  used  as  a  live  TF  vaccine. 

Thus,  according  to  the  findings  of  our  laboratory  which  performed 
mass  inoculations  with  the  live  E  vaccine,  it  was  revealed  that,  at  the  im¬ 
munization  of  collectives  which  are  serologically  negative  to  tests  with  RPr 
antigen,  there  is  an  almost  general  infection  with  rickettsias  of  the  E  strain 
which  is  expressed  in  their  acquisition  of  positive  C3R  and  HAR.  At  the  same 
time,  the  so-called  delayed  reactions  to  vaccination,  manifested  by  fever  of 
some  duration,  headache,  general  malaise,  and  in  some  cases  also  by  the  pre¬ 
sence  of  roseolar  eruptions  which  appear  after  an  incubation  of  9-10  to  14-18 
days  and  are  the  clinical  form  of  vaccinal  TF  are  observed  in  approximately 
107.-117.  of  the  subjects  who  were  seronegative  before  inoculations.  Thus, 
with  a  general  infectibility  of  the  collective,  vaccinal  TF  "ailments"  are 
seen  only  in  a  limited  contingent  of  the  people.  It  can  be  hardly  doubted 
that  in  the  given  case  the  vaccination  reveals  people  who  are  the  most  pre¬ 
disposed  to  the  ailment  of  TF,  and  are  the  most  resistant  to  it  (Figure  23). 
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In  agreement  with  this,  there  are  also  the  results  of  mass  sero-inmuno- 
logical  examinations  of  the  population  with  CBR  using  an  RPr  antigen  at  places 
where  in  the  past  TF  outbreaks  occurred,  and  subsequently  in  retrospect  posi¬ 
tive  findings  were  displayed  in  percentages  which  clearly  and  very  much  exceed 
the  actual  TF  morbidity  rate  of  the  population.  This  is  convincingly  shown 
in  Table  23  where  the  results  of  CBR  examinations  are  quoted  for  older  and 
elderly  groups  of  population  (from  31  years  up  to  50  years  of  age)  in  dif¬ 
ferent  rayons  of  the  USSR. 

It  is  perfectly  evident  that  the  retrospectively  established  column 
of  high  percentage  of  positive  CBR  findings  in  older  and  elderly  age  groups, 
as  quoted  in  Table  23,  which  varies  within  the  range  of  9.5  -  12.3  and  25  - 
30.27.,  can  be  explained  only  by  a  considerable  dissemination  of  obliterated 
and  subclinical  forms  of  TF  infection  in  the  past. 

As  it  has  been  already  noted  in  the  chapter  on  the  clinical  picture 
of  TF,  the  question  about  the  obliterated  and  subclinical  forms  of  TF  infec¬ 
tion,  associated  with  TF  outbreaks,  attracted  the  attention  of  the  research 
workers  already  long  ago,  and  it  was  answered  in  a  favorable  sense  by  many 
competent  specialists  of  foreign  countries. 

We  already  said  that  the  hereto  pertinent  literature  data  found  their 
place  in  a  well  known  treatise  on  epidemiology  written  by  the  French  epidemio¬ 
logists  LOPTE  and  DE  LAVERNE  (1927). 

Independently  from  the  foreign  authors,  our  domestic  specialists  also 
arrived  at  similar  conclusion  about  the  presence  of  obliterated  and  subclini¬ 
cal  forms  (asymptomatic  forms)  of  TF  on  the  basis  of  clinical,  epidemiological 
and  some  laboratory  examinations  in  the  30-ies.  A  detailed  summary  of  these 
is  found  in  the  monograph  of  V.A.  BARYKIN  which  was  published  in  1932.  In 
this  monograph,  the  hereto  pertinent  researches  of  the  collaborators  of  V.A. 
BARYKIN,  S.M.  MINERVIN ,  A .A.  ZAKHAROV,  A. I.  KOMPANEETS  and  others,  are  quoted 
•  in  detail,  as  well  as  a  number  of  collaborators  of  the  Moscow  Mechnikov  In¬ 
stitute,  including  F.G.  BERNHOF,  V.1I.  KUTE ISHCHIKDV,  E.M.  DOOSER  and  others. 
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The  foreign  and  domestic  authors,  who  in  the  30-ies  had  only  very  re¬ 
lative  methods  at  their  disposal  for  detecting  TF  infection  (WEIL-FELIX  re¬ 
action,  inoculation  and  guinea  pigs  under  their  temperature  control),  could 
not  exhaustively  answer  the  question  about  the  obliterated  and  subclinical 
forms  of  TF  infection,  although  essentially  they  were  correct  in  their  conclu¬ 
sions.  In  the  groups  of  the  already  earlier  quoted  contemporary  authors  who 
confirmed  the  existence  of  obliterated  or  subclinical  forms  of  TF  infection 
which  could  be  accurately  diagnosed  by  serological  methods,  we  should  mention 
again  COMBIESCU,  ZARNEA,  and  collaborators,  in  Romania  (1957  -  1958);  FOX, 
MONTOYA  and  collaborators  in  North  and  Central  America  (1959);  MEGOY  in  Eng¬ 
land  (1958) ;  ABDUL-MESSIGI  in  Egypt  (I960);  K.N.  TOICAREVICH  and  his  collabora¬ 
tors  as  well  as  P.F.  ZDRODOVSKII  and  his  collaborators  in  the  USSR,  and  others. 

In  addition  to  the  above  outlined  general  prerequisites  which  result 
from  the  analysis  of  immunological  and  dinical  reactions  to  the  introduction 
of  live  vaccine  and  from  the  analysis  of  the  retrospective  detection  of  sero¬ 
logically  positive  contingents  at  mass  examination  of  the  population,  data 
which  with  full  probability  support  the  existence  of  the  obliterated  and  sub¬ 
clinical  forms  of  TF  infection,  we  have  at  our  disposal  a  number  of  direct 
observations  on  the  detection  of  these  forms  at  the  foci  of  TF  in  presence  of. 
a  carrier. 

In  this  respect,  extremely  demonstrative  are  the  numerous,  very  ac¬ 
curate  observations  of  Romanian  authors,  headed  by  the  now  deceased  TF 
specialist,  Prof.  COMBIESCU.  Let  us  give  some  examples  of  the  subclinical 
forms  of  infection  at  TF  foci  which  he  and  his  collaborators  detected. 

1.  In  a  16-year  old  patient,  the  diagnosis  of  TP  with  delay  was 
established  by  CBR  in  a  titre  of  1:512.  Seven  persons  were  in  contact  with 
the  patient;  they  belonged  to  the  age  groups  of  14-18  to  36-48  years.  Ac 
their  examination,  positive  CBR  was  found  in  6  persons  in  titres  of  1;128, 

1;64,  1:28,  1:32,  1:256  and  1:16.  After  isolation  of  the  patient,  no  sick¬ 

ness  cases  were  observed  in  spite  of  the  presence  of  diagnostic  titres  in 
the  contacts. 

2.  In  the  second  case,  a  clinically  manifested  and  a  subclinical 

TF  were  detected  at  repeated  examinations.  In  the  patient  the  CBR  was  posi¬ 
tive  at  the  following  times:  25  June . . , 1 i 1024 ;  22  July. . . 1 :1024;  30  July... 

1:1024,  and  4  October. . .1:128.  In  the  contact,  a  person  who  did  not  get  sick, 
the  results  of  progressive  examinations  were  the  following:  20  August. . 1 :512 ; 
29  July. . .1:1024;  4  October. .. 1:100,  and  in  April  of  the  next  year  1:128. 

3.  Focus  of  KUCHA-VODA.  During  January-February  the  local  out¬ 
break  of  TF  resulted  in  25  sickness  cases;  half  of  the  patients  were  school 
children.  At  thd''  beginning  of  March,  CBR  serological  examinations  were  made 
in  168  persons  who  were  in  contact  with  the  patients,  including  33  school 
children  in  the  age  groups  7-14  years,  and  135  persons  outside  the  school  in 
the  age  group  of  15  years  or  more. 

As  a  result,  out  of  33  school  children  in  14  a  positive  CBR 
was  found,  including  3  who  had  it  in  titres  1:128  and  1:256.  Among  the  re¬ 
maining  135  persons,  positive  CBR  was  found  in  35,  including  4  with  titres 
1:128,  1:256,  1:2048.  The  exposed  sero-positive  subjects  remained  healthy. 

4.  According  to  summary  data,  at  46  epidemic  foci  2108  serum 
tests  were  examined  in  people  who  were  in  contact  with  TF  patients,  and  clinic¬ 
ally  were  not  sick.  In  947  cases,  i.e.,  in  44%,  the  CBR  was  found  positive, 
including  9%  in  children  up  to  6  years  of  age,  and  up  to  53%  in  adults  in 

the  age  groups  of  51-60  years.  Here,  in  26  cases,  the  CBR  was  found  in  titres 
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of  1:128  (14  persons),  1:256  (6  persons),  1:512  (3  persons,  1:1024  (1  person) 
and  1:2048  (2  persons). 

Similar  findings  were  also  described  by  domestic  investigators. 

Thus,  according  to  the  data  of  G.I.  GRENAUS  and  co-workers  (1960)  at 
a  focus  of  TF  in  patient  P,  with  marked  clinical  TF,  at  the  serological  ex¬ 
aminations  on  30  January,  a  positive  CBR  was  detected  in  a  tiers  of  1:1280, 
and  a  HAR  in  a  titre  of  1:4000,  and  in  a  healthy  contact  of  P,  on  6  February 
the  CBR  gave  a  titre  of  1:40,  and  the  HAR  a  titre  of  1:4000. 

At  another  focus,  in  patient  K,  with  clinical  TF,  on  13  January 
with  a  negative  CBR  simultaneously  a  very  strongly  positive  KAR  was  detected 
in  a  titre  of  1:64,000,  giving  later  the  corresponding  titres  of  1:640  and 
1:128,000.  The  contact  of  this  patient,  called  B.,  carried  a  febrile  ailment 
without  calling  for  medical  aid,  with  a  CBR  titre  of  1:160  and  1:8000.  In 
contact  B,  there  was  evidently  a  mild  form  of  TF  infection. 

Similar  observations  were  published  by  M.A.  KULEKIRA,  and  K.P.  KUZ¬ 
NETSOVA  (1960)  who,  at  the  examination  of  945  healthy  subjects  from  foci  and 
from  areas  where  TF  existed,  found  a  positive  CBR  in  180  cases,  including  17 
persons,  with  titres  from  1:320  to  1:1280  (13  patients)  up  to  1:256  -  1:2048 
(in  4  patients) . 

In  the  quoted  observations  of  the  Romanian  and  domestic  authors  only 
cases  with  marked  serological  reactions  are  quoted  with  definitely  diagnostic 
titres.  Thus,  in  the  serologically  detected,  infected  subjects  there  was 
undoubtedly  a  very  light,  obliterated  or  subclinical  form  of  TF  infection. 

All  these  data-— —past  and  present-— —do  not  justify  the  ideas  of 
some  domestic  authors  who  according  to  a  formed  tradition  continue  to  deny 
the  existence  of  obliterated  and  subclinical  forms  of  TF  infection  (L.V. 
GROMASKEVSKII  and  collaborators,  1947,  1961). 

For  the  history  and  foundation  of  the  idea  on  the  absence  of  obli¬ 
terated  and  asymptomatic  forms  in  TF  among  the  leading  groups  of  Soviet  epi¬ 
demiologists  the  following  should  be  mentioned.  In  his  Manual  on  Special 
Epidemiology  (1947),  L.V.  GROMASHEVSKII,  stated:  "In  diseases  which  have  a 
wide  polymorphism  among  their  mildest  running  ("obliterate")  forms,  it  can 
be  expected  to  find  such  conditions  when  any  sickness  reaction  to  the  in¬ 
fection  is  lacking  on  the  part  of  the  organism.  Such  a  condition  is  dia¬ 
gnosed  as  relatively  healthy  (infection  carrying).  And,  on  the  contrary,  in 
infections  which  always  run  in  a  clinically  manifested  form,  and  do  not  make 
an  "obliterated  course",  the  possibility  of  a  healthy  infection-carriage  is 
excluded",  (p.  124).  Furthermore,  starting  out  from  their  own  observations 
according  to  which  the  length  of  the  fever  period  in  TF  is  never  less  than 
9  days  (minimum  time,  which  only  2.17.  of  the  sickness  cases  have),  L.V. 
GROMASHEVSKII  concludes:  "This  fact  is  important  to  a  high  degree  for  the 
clinical  picture  (diagnosis)  and  epidemiology,  unquestionably  repudiate  the 
possibility  of  the  existence  of  healthy  infection-carriage  in  TF;  because 
a. disease  whose  easiest  form  which  is  encountered  runs  in  the  shape  of  a 
9-day  fever  cannot  run  in  the  form  of  an  asymptomatic  healthy  carriage" 

(p.  421).  The  indicated  thesis  of  L.V.  GROMASHEVSKII  entered  entirely  into 
the  official  codex  of  TF  epidemiology  which  in  1939  was  confirmed  by  the  All- 
Un'on  Conference  of  Microbiologists,  Epidemiologists  and  Infectious  Disease 
Specialists.  This  Conference,  according  to  the  report  of  L.V.  GROMASHEVSKII, 
considered  it  unfounded  "...what  was  predominant  lately  in  the  domestic  li¬ 
terature  on  the  virus  carriage  of  TF"..  From  this  time  on,  the  question  on 
Obliterated  forms  and  on  virus  carriage  in  TF  was  referred  to  the  category  of 
harmful  epidemiological  errors  .•'..ich  should  deserve  the  most  severe  criticism, 
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which,  under  the  egis  of  L.V.  G ROMAS HE VS KI I,  inspite  of  the  accumulated  con¬ 
temporary  data,  until  our  time  is  supported  by  a  group  of  epidemiologists  who 
share  his  opinion  (M.N.  SOLOV'EV,  I. I.  ELKIN,  I. I.  SHATROV  and  others). 

How  the  absence  of  obliterated  and  subclinical  forms  in  TF  was  estab¬ 
lished,  can  be  clearly  seen  from  the  below  quoted  work  of  N.I.  MOROZKIN  (1940), 
the  collaborator  of  L.V.  G ROMAS HE VS KI I.  Studying  the  TF  outbreaks  in  two 
villages  G.  and  Cl.  with  systematic  thermometric  observations  of  their  in¬ 
habitants,  both  in  the  families  where  TF  occurred  and  outside  the  families, 
the  author  found  numerous  cases  of  subfebrile  conditions,  including  long- 
lasting  conditions.  Thus,  in  village  Gl,  76  cases  of  subfebrile  conditions 
were  found  lasting  5  days  or  more,  and  in  village  of  G.  there  were  31  cases 
lasting  from  4  to  8  days,  including  28  cases  among  children.  How  the  observed 
subfebrile  conditions  were  classified  clinically  in  the  TF  epidemic,  is  il¬ 
lustrated  by  the  example  of  village  Gl.  where  the  following  was  diagnosed :--- 
in  five  persons. . .grippe ;  in  19  persons ...  catarrhal  pneumonia;  in  7  persons... 
diseases  of  the  nasopharynx;  in  11  patients ...  tuberculosis ;  in  12  patients., 
.malaria;  in  3  patients ...  otitis ;  in  2  patients. . .colitis ;  in  6  patients... 
gynecological  diseases;  in  5  patients. . .furunculosis ;  in  3  patients. . .ex¬ 
ophthalmic  goiter;  and  in  3  patients. . .lymphadenitis.  Having  noted  that  the 
Weil-Felix  reaction  did  not  give  any  conclusive  results,  in  the  subfebrile 
subjects  and  a  transition  of  the  subfebrile  states  into  clinically  manifested 
TF  was  not  observed,  the  author  came  to  the  conclusion  in  summary "The 
subfebrile  states  never  are  the  manifestation  of  atypically  running  TF  infec¬ 
tion,  whose  lightest  forms  are  sufficiently  manifested  for  the  diagnosis  of 
the  clinical  picture". 

Since  the  quoted  work  refers  to  1940,  the  author  can  be  reproached 
only  for  categorizing  his  conclusions,  but  from  the  view  of  point  of  the  modern 
methods  of  detecting  a  TF  infection  this  work  is  not  reliable.  By  all  means, 
its  author  would  be  condemned  even  by  the  official  instructions  which  require 
the  obligatory  use  of  specific  sero-diagnosis  in  such  clinical  forms  as  grippe, 
catarrh  of  the  upper  respiratory  pathways,  pneumonia,  and  others— clinical 
diagnoses  under  which,  as  we  know  at  present,  TF  infection  is  not  unfrequently 
hiding. 


On  such  and  similar  grounds,  a  tradition  was  created  which  excludes 
the  fact  presently  widely  accepted  by  specialists  of  various  countries  in 
regard  to  the  existence  of  obliterated  and  subclinical  forms  of  TF  infection 
on  the  nature  of  which  at  its  July  1963  session,  the  Committee  of  Experts 
of  WHO  brought  the  following  conclusion  on  the  ground  of  the  presented 
materials "Examinations  of  the  population  in  districts  endemic  in  regard 
to  RPr  show  that  inapparent  (obliterated)  forms  of  infection  are  produced  by 
these  agents  rather  more  frequently  than  it  is  thought.  Further  information 
is  desirable  on  the  frequency  of  these  forms  of  infection  and  their  possible 
role  in  the  maintenance  of  the  infective  cycle". 

Even  though  at  present  the  researchers  who  are  hot  burdened  by  tradi¬ 
tion  do  not  doubt  the  existence  of  obliterated  and  subclinical  forms  of  TF 
infection,  the  question  about  the  epidemiological  significance  of  these  forms 
still  remains  unclear.  As  we  know,  in  all  light  forms  of  TF,  the  infectious- 
ness  of  lice  for  the  patients  is  insignificant.  Evidently,  in  case  of  the 
obliterated  forms  of  TF  infection,  these  relations  can  be  also  similar.  It 
is  obvious  that  the  epidemiological  Importance  of  the  obliterated  and  sub¬ 
clinical  forms  in  TF  should  not  be  overestimated,  but  at  the  same  time  it 
should  not  be  underestimated  either.  Further  observations  are  needed  on  this 
problem. 

TF  epidemics  arise  only  in  the  presence  of  pediculosis  of  the  popula¬ 
tion,  and  the  territorial  spread  of  it  is  proportionate  to  the  movement  of 
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lousy  and  infected  subjects  or  groups  of  the  population.  Hence,  it  is  gener¬ 
ally  known  what  the  relationship  is  between  epidemic  TF  and  the  low  sanitary 
living  conditions  of  the  population,  and  the  special  predisposition  of  the 
population  to  mass  TF  sickness  in  time  of  social  disasters  and  catastrophes 
(wars,  famines,  and  so  on).  The  timing  of  TF  outbreaks  at  the  cold  winter¬ 
spring  (January-May)  in  its  turn  finds  its  explanation  in  the  characteristic 
density  of  population  in  this  season,  and  the  temperature  optimum  (about  30°) 
for  lice  under  the  warm  clothing  which  is  worn  in  the  cold  weather  (G.S.  XOSINC) 
and  the  deterioration  of  the  nutrition  of  the  population  (lack  of  vitamins 
and  so  .on) . 

In  local  outbreaks  (e.g.,  family  outbreaks),  when  conditions  are  parti¬ 
cularly  favorable  for  the  dissemination  of  infection  (pediculosis,  density, 
lack  of  hospitalization  of  patients),  the  TF  morbidity  rate  can  be  very  general. 
But  even  with  long  lasting  epidemics,  in  case  of  extraordinary  wide  dissemina¬ 
tion  of  TF  infection,  it  never  afflicts  all  the  susceptible  population  (L.V. 
GRQMASHEVSKII) .  Thus,  in  the  epidemic  of  1919  -  1923  in  the  USSR,  according 
to  the  official  data,  up  to  10%  of  the  population  suffered  from  TF,  with  a 
257.  affliction  admitted  by  some  authors  (L.A.  TARASEVICH) . 

Depending  upon  general  conditions,  the  duration  of  a  TF  epidemic  car. 
vary  in  a  very  in  a  very  wide  range— -from  some  weeks  to  several  years. 

On  the  question  of  maintenance  of  the  TF  virus  in  the  interepidemic 
period,  different  hypotheses  were  announced: 

1)  The  hypothesis  of  MOOSER  on  the  rat  production  of  TF  outbreaks. 
According  to  this  hypothesis,  in  the  presence  of  pediculosis  of  the  popula¬ 
tion,  it  is  assumed  that  the  R.  Mooseri  can  change,  i.e.,  the  agent  of  rat 
rickettsiasis  can  change  to  R.Pr  as  a  result  of  subsequent  passage  of  the  R. 
mooseri  through  lice  which  are  infected  on  patients  with  rat  TF.  This  hy¬ 
pothesis,  actually  supported  by  several  Japanese  authors  (KODAMA,  OKAMOTO, 

et  al.,)  had  however  no  experimental  (E.F.  EPSTEIN,  1958)  or  epidemiological 
confirmation,  and  it  was  abandoned  by  its  authors  themselves. 

2)  The  hypothesis  of  survival  of  the  TF  virus  in  places  of  its 
epidemics  in  fleas  which  are  infected  on  TF  patients  (F.  BLANC,  and  M. 
BALTAZARD,  1941).  Although  in  the  experiments  fleas  are  relatively  easily 
Inoculated  with  RPr,  this  hypothesis  contradicts  direct  epidemiological  ob¬ 
servations  (CH.  NICOLLE,  and  collaborators)  in  absence  of  findings  of  the 
infectiousness  of  fleas  with  TF  rickettisae  under  natural  conditions. 

3)  The  hypothesis  of  Polish  authors  on  the  possibility  of  long 
preservation  of  RPr  in  dead  lice  and  in  their  fecalia  in  the  outside  environ¬ 
ment  (SIAZHIK,  1936,  1948).  Based  upon  experiments  which  were  confirmed  by  a 
number  of  authors  (see  the  proper  chapter)  this  hypothesis  can  explain  at  full 
satisfaction  individual  episodes  of  TF  and  their  outbreaks  (infection  through 
the  clothes  of  TF  patients  which  are  contaminated  with  the  fecalia  of  lice), 
but  it  could  not  explain  the  problem  of  preservation  of  the  TF  virus  in  the 
extraepidemic  period. 

4)  The  hypothesis  of  REISS-GUTFREUND  (i.955-1956)  with  the  findings 
of  rickettsiae  in  Abyssinia  in  the  interepidemic  period  in  domestic  animals 
and  in  several  other  types  of  ixodide  ticks.  These  data  were  however  not  cor¬ 
roborated  by  anybody,  and  it  is  difficult  to  evaluate  them. 

5)  The  hypothesis  of  recurrent  production  of  repeated  TF  sicknesses 
which  in  presence  of  pediculosis  could  be  the  source  for  the  inoculation  of 
lice  and  dissemination  after  their  infection.  This  hypothesis  is  based  upon 
the  assumption  of  ZINSSER  (1936)  that  latent  forms  of  TF  infection  exist  in  the 
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previously  infected  and  sick  persons,  and  cheir  clinically  manifested  aggrava¬ 
tion  (exacerbation)  is  possible,  in  the  form  of  a  "second"  TF  (Recurrent  TF,  or 
Brill's  disease).  This  hypothesis  is  corroborated  by  PRICE  (1955)  with  the 
findings  of  RPr  in  the  lymph  nodes  in  two  subjects  who  in  the  remote  past, 
passed  through  TF.  At  the  present  time  the  hypothesis  attracts  greater  at¬ 
tention  and  it  is  accepted  by  many  specialists.  To  this  hypothesis  we  will 
return  somewhat  later. 

6)  The  hypothesis  of  uninterrupted  character  of  infections  ac¬ 
cording  to  which  in  the  interepidemic  period  the  TF  infection  is  supported  by 
chains  of  individual  disease  cases  which  are  spread  by  lice,  but  not  infre¬ 
quently  they  escape  from  the  epidemiological  record.  Here  it  is  considered 
that  in  the  preservation  of  the  TF  infection  children  may  play  not  a  small 
part  in  whom,  as  it  is  well  known,  TF  runs  in  a  mild  form,  and  therefore,  it 
is  overlooked.  The  latter  statement  is  however  not  corroborated,  since  in 
case  of  sporadic  ailments  of  TF  the  serological  indices  of  past  infections  are 
characteristically  absent  in  children  in  che  interepidemic  period  As  in  the 
previous  case  also  (the  recurrent  hypothesis),  to  this  hypothesis  we  shall 
also  return  at  the  discussion  of  the  epidemiology  of  sporadic  TF. 

These  are  the  more  important  data  for  the  characterization  of  the 
epidemiology  of  epidemic,  louse-borne  or  classical  typhus  fever. 

Let  us  go  over  now  to  the  epidemiology  of  the  sporadic  forms  of  TF. 


SPORADIC  TYPHUS  FEVER  OR  BRILL'S  DISEASE. 

As  it  was  shown  in  the  section  on  the  clinic  of  TF,  under  sporadic  TF 
a  clinical  epidemiological  variety  is  distinguished  which  is  etiologically 
identical  with  epidemic  TF,  but  differs  from  it  by  a  number  of  spe.cial  fea¬ 
tures  which  include: - the  episodic  nature  of  singular  sickness  ccr.es,  as  a 

rule  in  absence  of  pediculosis  and  with  impossibility  to  recognize  the:  source 
of  infection;  a  mild  course  of  the  disease  in  presence  of  symptoms  which  are 
attenuated,  though  characteristic  for  TF,  including  an  accelerated  course  of 
the  disease;  relative  difficulty  to  isolate  RPr  from  the  blood  of  patients; 
presence  of  well-manifested  serological  reactions  in  the  patients  when  RPr  . 
antigen  is  used,  but  with  frequent  failure  of  the  Weil -Felix  reaction  which  is 
characteristic  for  epidemic  typhus  fever;  occurrence  of  sickness  cases  in 
elderly  and  older  age  groups;  lack  of  any  marked  seasonal  character;  finally, 
sporadic  TF  is  found  among  people  wnc  in  the  past  experienced  outbreaks  of 
epidemic  TF,  and  among  people  who  emigrated  from  places  which  were  afflicted 
with  epidemic  TF,  into  districts  which  are  free  of  this  infection. 

In  the  described  characteristic  form,  sporadic  TF  is  equivalent  to 
second  (recurrent)  TF  which  West-European  and  American  investigators  identi¬ 
fied  with  the  disease  of  BRILL-ZIUSSER. 

With  the  analogous  clinical  epidemiological  characteristics,  sporadic 
TF  can  be  also  recorded  in  people  who  deny  TF  sickness  in  the  past,  which  does 
not  exclude,  however,  that  they  actually  have  a  second  (recurrent)  TF  sickness, 
since  in  these  people  TF  could  have  taken  an  atypical  course  which  remained 
undiagnosed  (see  above).  In  every  case. such  a  stipulation,  which  widens  the 
category  of  persons  sick  with  sporadic  TF  as  a  recurrent  case  of  sickness,  is 
completely  probable,  and  not  without  reason  some  authors  (K.R.  TOKAREVICH, 

1958)  emphasize  the  complete  absence  of  modern  data  on  the  spread  of  atypical 
and  obliterated  forms  of  TF.  Hence,  in  our  opinion,  the  term  "sporadic  TF" 
is  preferable  to  the  term  "recurrent  TF",  since  the  latter  denomination  is 
determined  entirely  by  anamnestic  data,  i.e.,  by  a  criterion  of  relative  re¬ 
liability.  However,  it  must  be  taken  into  consideration  that  a  "sporadic" 
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case  can  be  also  an  imported  TF  sickness  case  of  epidemic  origin.  But  evi¬ 
dently,  even  in  this  case  a  thorough  clinical  epidemiological  analysis  can 
differentiate  in  nature  of  "sporadicity"  of  a  sickness  case,  with  the  con¬ 
sideration  of  the  whole  complex  of  the  above  mentioned  symptoms. 

In  their  most  essential  features,  the  indicated  general  characteristics 
of  sporadic  TF  are  specified  in  the  following  manner. 

As  already  indicated  above,  as  "o  its  etiology  sporadic  TF  is  identical 
with  epidemic  TF,  i.e.,  it  is  caused  by  RPr,  which  was  established  by  previous 
(ZINSSER,  CASTANEDA,  1933)  and  modern  observations  (MURRAY,  SNYDER,  K0STS1EV- 
SKII,  G.  S.  MOSING,  F.I.  KRASNIK,  1950  -  1958).  At  the  same  time,  for  sporadic 
TF  characteristic  is  a  relatively  small.concentration  of  the  pathogenic  agent 
in  the  blood  of  patients.  Hence,  it  can  be  isolated  considerably  less  often 
and  with  more  difficulty  than  in  epidemic  TF.  Thus,  according  to  the  data  of 
G.S.  MOSING  (1952),  at  repeated  blood  sucking  the  infectiveness  of  lice  was 
only  17.-57.  in  sporadic  TF,  whereas  in  epidemic  TF  already  after  a  single  half- 
hour'  feeding  of  the  lice  107.-407.  became  infected.  In  similar  observations 
of  F.I.  KRASNIK  (1958),  when  feeding  lice  on  the  5th-8th  day  of  sickness, 
their  infectiousness  was  established  in  147.-447..  Here,  in  all  14  cases  of 
positive  findings,  the  RPr  were  detected  only  in  subpassages  ir.  the  inoculated 
lice  in  sporadic  TF. 

According  to  verbal  information  received  from  Romanian  authors  (ZARNEA, 
BUZDUGAN,  1963)  and  according  to  Yugoslav  observer  (J.  GAON,  1963),  in  recent 
years  they  were  generally  unable  to  isolate  RPr  from  patients  with  sporadic 
TF.  Observations  in  our  laboratory  are  in  full  agreement  with  the  quoted 
data.  Thus,  in  132  experiments  of  inoculating  lice  according  to  different 
methods  (inoculation  with  blood  through  a  microenema  according  to  WEIGL, 
feeding  blood  through  chick  membrane,  the  blood  sucking  on  the  skin  of  sporadic 
TF  patients),  only  a  single  case,  i.e.,  less  than  in  17.,  was  it  possible  to 
isolate  RPr  by  culture  (G.M.  DUTOVA,  V.F.  IGNATOVICH). 

In  view  of  the  unquestionable  identity  of  the  etiology  of  epidemic 
and  sporadic  TF,  the  problem  about  the  level  of  virulence  of  RPr  strains 
isolated  from  sporadic  TF  patients  is  evidently  still  not  clarified,  since 
the  pertinent  investigations  were  limited  to  the  detection  of  the  typical 
nature  of  the  isolated  cultures  of  rickettsiae.  In  our  opinion,  however, 
the  formulation  of  the  question  about  the  virulence  of  RPr  in  sporadic  TF 
which  runs  in  mild  forms  of  sickness,  is  completely  in  order,  and  justified 
also  by  the  data  accumulated  on  the  phenomena  of  variability  in  the  group  of 
rickettsiae  in  general,  and  of  Rickettsiae  prowazeki  in  particular.  Suffice 
it  to  point  to  the  well  known  fact  of  spontaneous  split  off  of  the  vaccine 
Strain  E  of  RPr  from  the  virulent  TF  culture  "Madrid".  According  to  the 
data  of  our  laboratory,  when  we  studied  the  laboratory  collection  of  different 
RPr  strains  by  a  special  methodology,  a  marked  diversity  of  their  virulent 
properties  was  distinctly  revealed  (V.F.  IGNATOVICH),  not  to  mention  that 
strains  of  unusually  common  characteristic  are  isolated  from  TF  patients 
which  in  our  laboratory  were  labelled  as  variants,  intermediate  forms  between 
RPr  and  R.  mooseri  (R.  prowazeki  var.  intermedia,  E.M.  GOLINEVICH,  1953). 

However,  regardless  of  this,  the  available  observations  clearly 
established  that  in  presence  of  pediculosis,  cases  of  sporadic  TF  can  be  the 
source  of  epidemic  outbreaks  of  TF  (K.N.  TOKAREVICH,  and  F.N.  KRASNIK,  1958; 

M.  S TOLZOVA - SUTIROS OVA  et  al.,  1959;  and  so  on).  Therefore,  no  liberal  at¬ 
titude  is  permissible  in  the  control  measures  in  regard  to  sporadic  TF,  es¬ 
pecially  in  its  mildest  forms. 

As  it  was  already  repeatedly  mentioned,  for  sporadic  TF  characteristic 
is  a  mild  course,  with  a  shortened  febrile  period  in  the  average  limits  of 
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9-11  days,  with  possible  shortening  to  4-6  days,  with  a  generally  favorable 
course  of  the  disease.  In  epidemic  respect,  it  is  very  important  to  empha¬ 
size  here  that  with  its  frequency  of  atypical  course,  sporadic  TF  is  often 
recorded  under  mistaken  diagnosis  (grippe  and  grippe-like  conditions,  catarrh 
of  the  upper  respiratory  pathways,  pneumonia,  paratyphoid,  abdominal  typhoid, 
and  ao  on),  and  in  such  cases  it  can  be  diagnosed  only  by  serological  exami¬ 
nations.  Corresponding  illustrative  examples  were  already  given  in  the  pre¬ 
ceding  sections  of  this  book.  Returning  to  this  question,  we  remark  only 
that,  according  to  the  findings  of  Romanian  authors,  under  the  above  indi¬ 
cated  labels  erroneous  diagnosis  of  sporadic  TF  was  noted  in  607,  of  the  cases, 
while  in  recent  years,  os  we  have  already  seen,  about  half  of  the  sporadic 
forms  of  TF  generally  were  diagnosed  only  serologically  (COMBIESCU  et  al., 
1959;  ZARNEA,  BUZDIGAN,  1963).  Let  us  also  remark  that,  according  to  the 
findings  of  K.N,  TOKAREVICH  and  F.I.  KRASNIK,  precisely  from  such  cases  of 
undiagnosed  TF,  in  the  presence  of  pediculosis,  group  ailments  arose  which 
they  described. 

As  we  have  seen  already,  for  sporadic  TF  characteristic  is  a  sero¬ 
logical  diagnosis  of  the  ailment  only  by  reactions  which  use  an  antigen  made 
of  RPr,  while  the  WEIL-FELIX  reaction  is  not  efficient,  though  it  is  well 
marked  in  epidemic  TF.  Remembering  this  in  the  epidemiological  survey, 
let  us  give  a  very  characteristic  illustration  of  the  mentioned  fact  from 
the  published  findings  of  Romanian  authors  (COMBIESCU,  ZARNEA  et  al,  1959) 
which  are  shown  in  Figure  28. 


FIGURE  28.  -  Complement  binding  reaction  (.CBR)  with  a  RPr 
antigen,  and  WEIL-FELIX  reaction  (WFR)  with 
Proteus  OXig  in  epidemic  (A)  and  sporadic 
(recurrant)  (B)  TF  (according  to  COMBIESCU 
and  collaborators,  1959). 


For  sporadic  TF,  it  is  characteristic  that  it  appears  after  a  TF 
epidemic,  being  a  sort  of  consequence  of  the  latter.  Moreover,  in  presence 
of  a  practical  elimination  of  outbreaks,  sporadic  sickness  cases  set  in  with 
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marked  constancy  at  a  certain  level,  with  slight  annual  variations,  if  the 
control  of  pediculosis  is  systematically  conducted.  An  illustration  of  this 
is  found  in  the  statistic  of  TF  in  Poland  during  1945-1958,  in  presence  of  a 
postwar  epidemic  in  1945-1946.  The  pertinent  data  are  given  in  Table  24, 
with  calculation  of  the  TF  sickness  cases  per  100,000  inhabitants  (KOSTSHEV- 
SKII  and  VOITSEKHOVSKII,  1959). 


For  the  epidemiology  of  sporadic  TF,  together  with  the  individual 
nature  of  sickness  cases,  admittedly  specially  characteristic  is  the  impos¬ 
sibility  to  determine  the  sources  of  infection  in  absence  of  pediculosis. 
Let  us  give  a  suitable  illustration  from  foreign  sources. 


T  a  6 it  n  a  24 
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-  a... Year;  b... number  of  TF  patients;  c.. Morbidity 

rate  oer  100,000  of  population;  d... Remark;  e.,.1945- 
1946— epidemic  period  with  predominance  of  epidemic 
forms  of  the  disease  until  1949.  During  1950-1953, 
predominance  of  sporadic  forms.  Beginning  from  1954, — 
sporadic  TF  with  a  small  percentage  of  grouped  cases. 

In  1953,  in  Poland  everywhere  the  CBR  serodiagnosis  of 
TF  was  introduced,  and  this  explains  the  "increase"  in 
the  morbidity  rate  (improved  diagnosis). 
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Thus,  Polish  investigators,  being  anxious  to  keep  the  TF  sickness  cases 
at  a  certain  level,  inspite  of  the  introduction  of  broad  control  measures 
throughout  a  number  of  years,  in  1955  conducted  a  detailed  analysis  of  853 
cases  of  T?  recorded  during  three  years  (1952-1954).  Here  it  was  revealed 
that  in  1952  the  epidemic  form  of  sickness  cases  amounted  to  1 6%  of  the  total 
number  of  recorded  cases,  and  in  1954  they  amounted  only  to  5.9%.  Thus,  in 
1954,  94.1%  of  the  sickness  cases  were  referred  to  sporadic  TF;  moreover,  in 
70.8%  of  all  cases  in  this  year  the  possibility  of  an  exogenous  contact  was 
completely  excluded,  while  in  a  group  of  sporadic  TF,  the  sources  of  infec¬ 
tion  were  excluded  in  95.1%,  with  complete  absence  of  the  louse  factor 
(KDSTSHEVSKII  and  VOITSEKHOVSKII,  1959). 

Similar  was  the  evolution  of  TF  also  in  Romania  where  there  was  a 
severe  epidemic  during  1944-1948,  on  account  of  which,  under  the  influence  of 
the  measures  taken,  epidemic  forms  gradually  were  replaced  by  sporadic  forms 
which,  at  the  special  investigations  during  1953-1956,  showed  the  following 
relations in  1953,  primary  TF  was  recorded  in  807.  of  the  cases,  and  spora¬ 
dic  TF  in  20%,  while  in  1954  these  ratios  were  characterized  by  the  respective 
figures  53.6  and  46.4%  (COMBIESCU  et  al,  1959).  Further  on,  this  change  of 
forms  continued,  and  during  the  subsequent  two  years  (1961-1962),  in  the  Suchava 
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Oblast  which  was  most  afflicted  in  the  past,  only  sporadic  (recurrent)  forms 
of  sickness  cases  remained,  without  any  definite  sources  of  infection  and 
without  a  louse  factor,  but  at  the  same  time  the  level  of  sickness  cases 
was  maintained  without  noticeable  changes  (from  the  account  of  BUZDUGAR  in 
Suchava,  January  1963). 


FIGURE  29.  -  Graphs  of  the  spread  of  primary  and  second 
(recurrent)  typhus  fever  cases  by  seasons  in 
Poland  (after  KOSTSKEVSKII  and  VOITSEKKOVSKII, 
1959).  1... epidemic  typhus  fever  in  1953— 

1957;  2. . .recurrent  (second)  IF  in  1953-1957. 


In  difference  from  epidemic  TF,  for  sporadic  TF  characteristic  is  the 
absence  of  a  seasonal  character.  This  thesis  is  clearly  illustrated  by  the 
below  given  graphs  of  epidemic  and  sporadic  (recurrent)  TF,  which  were  bor¬ 
rowed  from  the  already  repeatedly  quoted  survey  of  K0STS1EVSKII  ar.d  VOIT- 
SEKHOVSKII  for  Poland  (Figure  29). 

Parallel  with  the  absence  of  a  winter-spring  seasonlity  which  is 
typical  for  epidemic  TF,  for  sporadic  TF  particularly  characteristic  are  the 
shifts  of  morbidity  rate  to  the  older  and  elderly  age  groups,  with  a  prac¬ 
tical  absence  of  morbidity  among  children  of  the  preschool  and  school  age,  and 
with  a  relative  rarity  of  sickness  cases  among  young  contingents  in  general, 
i.e.,  in  those  age  groups  which  arc  afflicted  by  epidemic  TF.  These  relations 
of  the  morbidity  rate  of  the  population  suffering  from  sporadic  and  epidemic 
TF  in  an  age-wise  cross  section  are  especially  clearly  demonstrated  in  the 
below  given  graphs  of  domestic  (Figure  30),  Polish  (Figure.  31)  and  Romanian 
(Figure  32)  authors. 
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Figure  30.  -  Diagram  of  age  distribution  of  cases  of  epidemic 
(Peterburg)  and  second  (recurrent)  (Leningrad) 
typhus  fever  (average  morbidity  rate  per  100,000 
population  (after  F.E.  KRASNIK) . 


□  OoSwpHHij  t ps»'jduSm:uj ct'.vcu  amp  auiuvuatTF , 


Figure  31.  -  Diagram  of  age  distribution  of  sickness  cases 

of  epidemic  and  second  (recurrent)  TF  in  Poland 
(after  K0STSHEVEKII  and  V0ITSEKK0VSKII,  1959). 
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The  quoted  data  are  in  full  agreement  also  with  domestic  data.  Thus, 
according  to  the  statistics  given  by  K.N.  TOKAREVICH  (1958),  in  the  50-50 
year  age  group  the  index  of  morbidity  rate  due  to  sporadic  TF  per  100,000 
population  is  lately  10  times  higher  than  the  same  index  for  the  10-14  year 
age  group.  In  agreement  with  this,  according  the  already  earlier  quoted  long- 
range  material  of  M.M.  FIGURINA  and  A.N.  SEMENOVA,  among  the  hospitalized 
patients  who  had  sporadic  TF,  almost  607»  belong  to  the  age  group  older  than 
45  years;  moreover  14%  is  in  the  60-78  year  group. 

Specially  interesting  is  the  comparison  of  age-wise  morbidity  rate 
due  to  sporadic  TF  with  the  picture  of  the  immunological  structure  of  the 
population  in  age-wise  cross  section,  as  this  is  shown  at  present  at  the  mass 
serological  examinations  of  the  population  with  the  CBR  test. 

Our  laboratories  organized  mass  examinations  with  CBR  for  the  purpose 
of  a  retrospective  detection  of  the  immunological  structure  of  the  urban  and 
partly  of  the  rural  population  in  different  rayons  and  republics  of  the  USSR. 
All  these  observations,  made  on  many  thousands  of  people,  who  in  the  past 
were  subjected  to  sickness  of  TF  of  some  strength,  with  the  presence  of  only 
sporadic  cases  at  the  time  of  examination,  gave  a  stereotype  picture  form  of 
the  age-wise  distribution  of  immune  layers,  as  this  is  shown  on  the  attached 
Figures  33  -  35.  With  variations  of  the  average  percentage  of  immune  layer 


Figure  32.  -  Graphs  of  age-wise  distribution  of  cases  of 

epidemic  and  second  (recurrent)  TF  in  Romania 
(after  C0MB1ESCU  et  al.,  1959). 


for  all  ages  in  the  ranges  from  5  to  13,  all  pertinent  observations  in  accord 
showed  an  immune  layer  of  peak  strength  in  the  elderly  group  (from  A1  years 
on  to  60  years  and  older),  with  a  minimur.  strength  of  immunity  in  youth  and 
especially  in  the  childhood  age  groups.  In  other  words,  as  shown  by  the  in¬ 
dicated  data  of  immunological  examinations,  at  present  the  maximum  susceptibi¬ 
lity  to  TF  infection  exists  in  children  and  in  the  young  age  groups  which  are 
the  least  afflicted  with  sporadic  TF,  while  tne  smallest  susceptibility  is  in 
the  elderly  age  gruops  of  the  population  which  are  the  most  afflicted  with 
sporadic  TF.  As  this  can  be  seen  from  Figure  30  and  32,  the  reverse  relations 
exists  for  epidemic  TF. 
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TABLE  25  -  l...Age  of  inoculees  (in  years);  2... Percent 
of  favorable  late  reactions  to  inoculation. 


The  immune  layer,  determined  by  CBR,  in  agreement  with  its  level  in 
the  different  age  groups,  actually  reflects  their  different  susceptibility 
to  TF  infection  at  the  time  of  examination.  This  is  very  clearly  corroborated 
by  observations  of  our  laboratory  on  the  comparative  age-wise  distribution  of 
delayed  specific  reactions  to  inoculation  with  live  TF  vaccine  made  from  the 
E  strain  of  RPr.  The  pertinent  observations  of  V.A.  YABLOXSRAYA  are  sum¬ 
marized  in  Table  25  on  the  basis  of  the  age-wise  distribution  of  delayed  re¬ 
actions  among  2558  inoculated  persons. 

From  Table  25  it  can  be  clearly  seen  that  the  age  groups  (41-60 
years)  which  are  the  most  afflicted  with  sporadic  TF  are  the  least  susceptible 
to  TF  infection,  which  is  shown  in  their  reaction  to  inoculation  with  an  at¬ 
tenuated  TF  virus.  And,  on  the  contrary,  the  young  groups  (16-18  years), 
which  are  rarely  or  not  at  all  afflicted  with  sporadic  TF,  show  the  maximum 
sensitiveness  to  TF  infection  according  to  the  same  symptom. 

The  immunological  structure  of  the  population  which  wa  obtained  in 
their  age-wise  cross  section,  related  to  the  places  where  sporadic  TF  cases 
exist,  in  an  epidemiological  respect  also  give  a  very  valuable  index:--- 
They  objectively  attest  that  at  the  places  of  examination  active  sources  of 
TF  infection  and  factors  of  its  spread  are  absent, —otherwise,  the  reason 
for  the  lack  of  morbidity  in  the  young  age  groups  which  are  the  most  sensitive 
to  the  infection  cannot  be  understood.  And  that  these  younger  age  groups  do 
not  get  sick  and  do  not  become  infected,  is  objectively  shown  by  their  nega¬ 
tive  serological  examinations  which  for  them  prove  the  absence  of  any  contact 
with  TF  virus  (Figures  33,  34  and  35). 


FIGURE  33.  -  Summarized  graph  of  age  distribution  of  retro¬ 
spective  positive  CBR  with  a  RPr  antigen,  ob¬ 
tained  at  group  examination  of  the  healthy 
population  (5124  persons)  of  five  towns 
(after  P.F.ZDRODOVSKII) . 
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FIGURE  34.  -  Graph  of  the  age  distribution  of  retrospective 

positive  CBR  with  a  RPr  antigen,  obtained  in  group 
examination  of^healthy  population  (1182  persons) 
in  one  of  the  towns  (After  V.A.  YABLONSKAYA) 


These  are  the  more  important  epidemiological  features  of  sporadic 
(second)  TF. 

On  the  nature  and  the  origin  of  the  described  forms  of  sporadic  TF, 
two  hypotheses  are  in  existence —  the  hypothesis  of  its  recurrent  or  endo¬ 
genous  origin,  and  the  hypothesis  of  its  louse-borne  or  exogenous  origin; 

First  of  all  let  us  remark  that  both  hypotheses  unanimously  recognize 
the  fact  of  a  reduction  or  loss  of  immunity  after  a  previous  TF,  to  which  its 
recurrence  is  also  related. 

The  very  fact  of  a  second,  and  in  some  cases  of  a  third  TF  infection 
proves  convincingly  that  immunity  acquired  by  a  TF  infection  can  weaken  or 
it  can  disappear. 

Lately,  we  had  seen  a  sufficient  number  of  cases  of  a  sort  of  experi¬ 
mental  detection  of  the  loss  of  immunity  after  TF.  Thus,  in  making  mass  in¬ 
oculations  with  live  TF  vaccine,  after  a  16-18  day  incubation  a  marked  delayed 
reaction  was  seen  in  3  persons  who  had  had  TF  infection  14,  40  and  42  years 
before  (V.A.  YABLONSKAYA,  1962).  In  people  who  are  immune  to  TF  with  a  posi¬ 
tive  CBR,  this  kind  of  delayed  reaction  was  not  met  with. 

Let  us  turn  now  to  the  analysis  and  evaluation  of  the  above  mentioned 
hypotheses. 

The  hypothesis  of  the  recurrent  origin  of  a  second  (sporadic)  TF  was 
first  formulated  in  1934  by  ZINSSER  in  view  of  sporadic  cases  of  TF  observed 
In  the  USA  among  emigrants  from  TF  endemic  places  of  Eastern  Europe,  and 
described  by  BRILL  in  1916.  After  confirming  with  CASTANEDA  (1933)  the  TF 
etiology  of  Brill's  disease,  and  having  studied  the  epidemiological  findings, 
ZINSSER  came  to  the  conclusion  that  it  was  a  clinically  manifested  exacerba¬ 
tion  (recurrence)  of  a  latent  infection  after  a  previously  suffered  TF.  Fur¬ 
ther  on,  chiefly  on  the  basis  of  analogy  with  some  rickettsiases  in  animals, 
ZINSSER's  hypothesis  as  to  the  second  TF  found  confirmation  by  French  investi¬ 
gators  in  Algier  (L.  &  G.  PARROT,  1939). 

In  1955,  the  recurrency  hypothesis  of  the  origin  of  second  TF  had  its 
corroboration  in  the  already  earlier  quoted  work  of  PRICE  who  in  two  subjects 
of  positive  CBR,  who  suffered  earlier  from  TF  and  were  not  in  contact  with  TF 
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patients  for  a  period  of  6  years,  isolated  RPr  from  their  inguinal  lymphnodes, 
having  used  for  this  purpose  a  special  method  for  the  preliminary  enrichment 
of  the  lymphoid  tissue  with  rickettsias.  It  should  be  added  here  that  with 
similar  isolations  of  rickettsiae  the  presence  of  chronic  latent  Infections 
was  shown  in  case  of  Rocky  Mountain  spotted  fever  (PARKER,  et  a.,  1954),  and 
in  tsutsugamushi  fever  (J.  SMADEL  et  al).  Latent  forms  of  infection  are  met 
with  also  in  Q-fever,  and  theywere  known  long  ago  for  Wolhynian  fever  (G.S. 
MOSING  et  al),  In  one  word,  the  possibility  of  latent  infections  was  shown 
practically  in  all  more  important  human  rickettsiases . 


% 


FIGURE  35.  -  Graph  of  age  distribution  of  retrospective  positive 
CBR  with  antigen  made  from  RPr,  obtained  in  group 
examination  of  healthy  people  (1557  persons)  in 
one  of  the  towns  '(after  L.N.  ASTAKHOVA  and  others). 


In  addition  to  this,  it  should  be  also  added  that,  as  this  was  already 
explained  in  the  chapter  on  the  serology  and  serodiagnostics  of  rickettsiases, 
in  the  USA  in  emigrants  with  an  anamnesis  of  TF  in  the  past,  among  whom  spora¬ 
dic  TF  cases  were  observed,  in  a  considerably  large  percentage  (up  to  307.)  of 
the  cases,  positive  serological  tests  were  found  with  an  antigen  made  from 
RPr  (MURRAY,  SNYDER,  PRICE  and  others). 

Uiere  is  no  direct  experimental  foundation  of  the  hypothesis  of  recur¬ 
rences  in  TF,  since  in  difference  from  rickettsiases  with  a  natural  focality, 
latent  types  of  TF  infection  cannot  be  regularly  reproduced  in  animals,  being 
limited  only  to  episodic  observations  of  lingering  forms  of  this  particular 
rickettsiasis  in  cotton  rats.  At  the  same  time  this  type  of  latent  infection, 
with  an  indefinitely  long  maintenance  in  the  brain,  can  be  regularly  observed 
in  white  mice  which  are  afflicted  with  R.  mooseri,  closely  related  to  RPr  and 
very  probably  being  the  predecessor  of  the  latter  in  the  past. 

According  to  observations  in  our  laboratory,  in  rats  infected  with  R. 
mooseri,  one  year  after  the  infection  when  the  pathogenic  agent  is  found  only 
in  the  brain,  under  the  effect  of  cortisone  and  in  conditions  of  stress 
(cooling),  a  generalized  infection  is  produced  in  a  certain  percentage  of 
cases  with  the  appearance  of  the  pathogenic  agent  in  the  blood,  which  to  a 
certain  extent  is  a  model  for  recurrent  latent  rickettsial  infection  (V.A. 
YABLONSKAYA,  1963). 

Applied  to  TF,  the  quoted  experiments  have  however  the  value  of  only 
a  more  or  less  reliable  analogy. 
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By  evaluating  the  recurrency  hypothesis  in  comparison  with  the  above  exposed 
epidemiological  peculiarities  of  sporadic  (second)  TF,  its  validity  should  be 
objectively  recognized,  since  from  the  viewpoint  of  the  mentioned  recurrency 
hypothesis,  all  peculiarities  which  are  singular  to  TF.  can  be  explained  without 
difficulty  and  with  full  reliability. 

In  this  regard,  particularly  convincing  are  the  data  on  the  pre¬ 
ferential  concentration  of  second  TF  particularly  in  the  older  and  elderly 
age  groups  where,  as  we  have  seen,  the  maximum  immune  layer  is  concentrated-—— 
in  view  of  the  reverse  conditions  which  are  shown  by  epidemic  TF  afflictin'* 
the  most  sensitive  younger  and  young  age-group  contingents  (See  Figures  30°- 
32).  The  conclusion  is  therefore  completely  logically  founded  that  the  para¬ 
doxical  concentration  of  sporadic  TF  in  the  older  and  elderly  age  groups  of 
the  maximum  immune  layer,  reflecting  their  affliction  with  TF  infection  in  the 
past,  is  due  to  the  endogenic  origin  of  sporadic  (second)  TF.  In  its  turn 
absence  of  TF  in  the  most  susceptible  younger  age  groups  indicates  absence’ 
of  exogenous  sources  and  factors  of  TF  infection  or  their  very  weak  presenta- 
bility,  which  is  in  agreement  with  the  recognition  of  the  endogenous  nature 
of  second  TF,  as  considered  by  the  recurrency  hypothesis  (Figure  36) . 
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FIGURE  36.  -  Graphs  of  age-wise  distribution  of  cases  of  epi¬ 
demic  (1) (war  time),  and  sporadic  (2) (postwar 
years)  of  TF  in  Byelorussia,  and  graph  of  age -wise 
distribution  of  positive  CBR  tests  among  healthy 
(3)  persons  (examination  of  2770  persons)  in  com¬ 
parison  with  the  graph  of  sporadic  cases. 


Very  demonstrative  are  also  the  undoubted  hospital  sickness  cases  of 
TF  under  conditions  which  completely  exclude  their  exogenous  origin.  K.N. 
TOKAREVICH  describes  ten  cases  of  such  ailment,  by  characterizing  them  in  "the 
following  manner. 

1.  All  these  cases  arose  in  towns  under  conditions  of  well  ar¬ 
ranged  non-infectious  hospitals  and  clinics  in  the  absence  of  epidemic  TF  in 
the  given  locality. 

2.  All  patients  who  were  considered  had  had  TF  in  the  past. 

3.  TF  with  well  manifested  serology  arose  in  them  18-40  days 
after  their  hospital-admission,  i.e.,  under  conditions  which  exceed  not  only 
the  average  but  also  in  many  cases  the  maximum  duration  of  incubation. 
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4. 

stresses  in  the 
child  delivery. 


In  the  patients  the  TF  infection  was  preceded  by  various 
form  of  pneumonia,  surgical  interventions,  mental  disturbances, 
and  so  on. 


5.  All  sickness  cases  remained  singular. 


6. 

and  without  the 


The  most  thorough  search  after  the  sources  of  infection  within 
hospital  remained  without  results. 


As  an  illustration  we  quote  the  case  of  sickness  in  woman  citizen  K. , 
35  years  of  age,  who  had  had  TF  15  years  ago,  and  was  hospitalized  with  right¬ 
sided  pleuropneumonia,  and  two  weeks  after  its  end  she  developed  an  acute 
febrile  disease  with  scanty  roseolar  exanthema.  On  the  12th  day,  CBR  with 
a  RPr  antigen  gave  positive  result  in  a  dilution  of  1:3200.  A  serologically 
established  diagnosis  of  TF  was  not  objected  to  by  the  specialists  in  in¬ 
fectious  diseases. 


FIGURE  37.  -  Case  of  hospital  recurrence  of  TF.  Tempera¬ 
ture  graph  (according  to  K.N.  TOKAREVICH  and 
co-workers).  —The  vertical  lines  indicate 
the  blood  pressure. 


On  Figure  37,  the  fever  graph  of  patient  K.  is  presented,  which  showed 
a  subsequent  change  of  pneumonia,  intermediate  two-week  apyrexia,  and  TF  in¬ 
fection. 

Finally,  the  likelihood  of  the  recurrency  hypothesis  is  well  proved 
by  the  numerous  cases  of  sporadic  TF  described  in  the  literature,  which  were 
observed  at  places  free  of  TF,  among  people,  arriving  from  localities  endemic 
to  TF  and  earlier  having  had  a  TF  infection. 

Thus,  analyzing  the  agewise  distribution  of  second  TF,  KOSTSHEVSKII 
(1953),  collected  954  cases  of  the  sporadic  form  of  typhus  which  were  recorded 
in  different  countries  free  of  epidemic  TF.  One  of  the  pertinent  and  espec¬ 
ially  characteristic  illustrations  is  a  recent  communication  of  the  well-known 
H.  DERRICK  (1959)  from  Australia  which  country  from  1869  on,  i.e.,  for  the 
period  of  the  past  90  years,  was  free  of  typhus  fever.  Here,  in  one  of  the 
towns  in  1959  a  TF  ailment  of  10-day  fever  was  serologically  detected  in  an 
emigrant  from  Poland,  16  years  after  he  had  TF  in  the  motherland. 

All  the  above  discussed,  concerning  the  epidemiological  and  other 
characteristics  of  sporadic  or  second  TF,  objectively  corroborates  the  pro¬ 
bability  of  an  endogenous,  or  recurrent  origin  of  the  sporadic  forms  of  TF. 
Hence,  it  is  natural  that  the  recurrency  hypothesis  is  shared  by  an  over¬ 
whelming  majority  of  specialists  in  America,  Western  Europe,  and  the  democra¬ 
tic  countries  (Poland,  Czechoslovakia,  Roma-ia,  Yugoslavia).  The  recurrent 
nature  of  sporadic  TF  with  its  denomation  as  Brill's  disease  is  also  legalized 
in  the  nomenclature  of  infectious  diseases,  which  was  accepted  by  the  World 
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Health  Organization. ^ 

In  the  USSR,  the  recurrency  hypothesis  has  been  already  long  ago  based 
upon  extensive  epidemiological  and  laboratory  data,  and  it  was  actually  cor¬ 
roborated  by  the  laboratories  of  G.S.  NOSING  (L'VOV),  and  K.N.  TOKAREVICII 
(Leningrad) . 

The  recurrency  or  endogenous  hypothesis  of  the  origin  of  sporadic  or 
second  TF  is  opposed  by  the  hypothesis  of  louse-borne  or  exogenous  origin  of 
the  second  ailments  of  TF.  These  ailments  are  connected  with  a  reinfection 
of  the  people  who  had  had  TF  in  the  past,  but  lost  their  immunity  to  the  dis¬ 
ease.  This  hypothesis  found  its  great  popularity  among  the  group  of  Soviet 
epidemiologists  (L.V.  GR0MAS1IEVSKII,  M.N.  SOLOV'EV,  I. I.  ELKIN,  I. I.  SHATROV 
and  their  school). 

In  comparison  with  the  recurrency  hypothesis,  the  hypothesis  of  louse- 
borne  origin  of  the  second,  or  sporadic  TF  has  however  little  objective  ground, 
and  to  a  considerable  degree  it  is  maintained  by  earlier  shaped  traditions. 

All  the  above  described  features  peculiar  to  the  epidemiology  of  the  second 
forms  of  TF  (episodic  character,  lack  of  sources  of  infection  and  of  carriers, 
general  diversity  of  the  age  structure  of  sickness  cases,  morbidity  rate  of 
settlers  who  came  from  places  where  TF  is  endemic  to  places  and  districts 
which  are  free  from  TF,  and  so  on)  do  not  find  objectively  based  explanations 
in  the  statement  of  the  louse-borne  hypothesis,  and  its  defenders  are  in  need 
of  all  sorts  of  assumptions. 


Bojpacm 


cmapwe 


FIGURE  38.  -  Comparative  graphs  of  ogewiso  distribution  of 

positive  CBR  with  a  RPr  antigen  among  healthy  pop¬ 
ulation  and  on  the*  background  of  sporadic  (1)  and 
epidemic  (2)  TF  according  to  the  data  of  an  ex¬ 
amination  of  1837  and  2051persons  respectively 
(after  A.  TURSUXOVA). 


Hence,  it  is  natural  that  the  recurrer.cy  hypothesis  (or  rather  theory) 
acquires  a  greater  and  greater  popularity,  especially  in  the  light  of  modern 


^FOOTNOTE:  The  Committee  of  Experts  of  WHO,  on  its  July  1963  session  in 
Geneva,  having  listened  to  the  account  of  the  author  of  the  book  on  Brill's  dis¬ 
ease  in  the  USSR,  after  the  presented  material  brought  the  unanimous  decision 
formulated  in  the  following  shape:  "The  pathogenic  agent  of  epidemic  TF  can  be 
preserved  for  years  in  recovered  healthy  subjects  and  after  different  intervals 
of  asymptomatic  latent  infection  it  can  cause  recurrences  of  the  disease.  These 
recurrences  can  become  sources  of  infection  for  lice  with  rickettsias.  Thus,  peo¬ 
ple  who  in  the  past  were  infected  with  RPr  continue  to  remain  potential  sources 
of  louse -borne  TF".  At  the  seme  time  the  Committee  decided  the  need  of  further 
investigations  to  detect  the  causes  and  mechanisms  of  recurrence  of  latent  TF 


infection. 

.  Later-  on  (in  October  1963)  the  Bureau  of  Hygiene,  Microbiology  and  Ep 
miology  Division  of  the  USSR  Academy  of  Medical  Sciences,  having  heard  and 
discussed  the  same  account  of  the  book's  authc-r  at  an  enlarged  conference 
the  well-founded  possibility  of  the  recurrent  nature  of  the  sporadic  forms 


ido- 
having 
accepted 
of  TF. 
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sero-itnmunological  researches  which  not  only  reliably  reveal  the  recurrent 
nature  of  sporadic  (second)  sickness  cases  of  TF,  but  also  pcr--.it  to  reliably 
differentiate  the  epidemic  and  sporadic  forms  of  this  infection.  As  we  have 
already  seen,  among  these  sero-diagnostic  signs  there  are  first  of  all  the 
characteristic  picture  of  the  immunological  structure  of  a  collective,  deter¬ 
mined  by  CBR  in  the  absence  or  negligibly  small  percentage  of  positive  reac¬ 
tions  in  children  not  of  a  sick  group,  and  with  their  maximum  accumulation  in 
the  elderly  age  groups  which  are  mainly  suffering  from  sporadic  typhus.  Other 
ratios  are  observed  if  the  immunological  structure  is  determined  on  the  back¬ 
ground  of  current  or  recent  ailment  cases  of  epidemic  TF,  as  this  is  illustra¬ 
ted  in  Figures  38  and  39-  To  the  characteristic  immunological  structure 


% 


FIGURE  39.  -  Curve  of  agewise  distribution  of  positive  CER 

made  with  and  antigen  from  RPr,  among  the  healthy 
population  (744  persons  examined)  in  one  of  the 
villages  a  year  after  an  outbreak  of  epidemic  TF. 


of  the  population  should  be  added  the  not  less  characteristic  results  of  sero¬ 
logical  examinations  of  the  environment  of  the  patients -in  sporadic  typhus 
even  if  seropositive  people  are  found  with  CBR.  in  the  environment  of  the 
patients  (in  absence  of  pediculosis),  they  are  only  with  titres  within  the 
ranges  of  1:10  -  1:80,  i.e.,  titres  corresponding  to  the  retrospective  de¬ 
tection  of  TF  infection  in  the  past,  while  in  these  subjects  HAR  is  noted 
to  be  negative  (in  the  diagnostic  titre  of  1:1000).  Different  results  are 
obtained  at  the  serological  examination  of  epidemic  TF  foci,  where,  in  the 
environment  of  the  patients,  CBR  is  frequently  found  in  diagnostic  titres 
(1:160  and  higher)  and  HAR  (in  titres  of  1:1000  and  higher).  (See  Table  26). 
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TABLE  26  -  1... number  of  examinees;  2... result  by  CBR  in  %; 

3... Sporadic  TF;  4... Epidemic  TF;  5... NOTE:  Data 
of  examination  of  healthy  people  in  the  environ¬ 
ment  of  patients  (after  A.  TURSUNOVA) . 
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Finally,  according  to  the  data  of  MURRAY,  published  in  October  1963 
at  the  International  Congress  in  Rio  de  Janeiro,  primary  TF  and  Brill.'s  dis¬ 
ease  can  be  well  differentiated  by  serological  signs  which  include  the  fol¬ 
lowing  in  particular: 

1.  Unequal  stability  at  heating  to  60°  in  the  antibodies  which 
produce  CBR  (their  thermal  resistance  in  case  of  Brill's  disease). 

2.  Unequal  stability  to  the  action  of  mercaptoe thanol  in  the 
antibodies  of  the  agglutination  reaction  (resistance  of  the  antibodies  in 

Brill's  disease). 


3.  Their  distribution  among  different  fractions  of  gamma  globu¬ 
lins  (19S  in  case  of  epidemic  TF,  and  7S  in  case  of  Brill's  disease). 

It  should  be  however  particularly  emphasized  that  a  sharp  contrast 
of  the  two  hypotheses  is  not  justified  by  the  practice  at  all,  since,  regard¬ 
less  of  any  ideas  on  the  origin  of  sporadic  sickness  cases  of  TF,  the  moas"'ro.s 
for  their  control  remain  one  and  the  same ---absolute  control  of  pediculosis, 
including  pediculosis  of  the  head  (See  below). 


MEASURES  OF  CONTROL  AND  GENERAL  PREVENTION. 


The  measures  for  control  and  general  prevention  of  TF  are  carried 
out  in  correspondence  with  the  basic  thesis  of  modern  epidmiology  of  this 
infection:  — the  only  source  of  infection  in  TF  is  the  sick  (resp.  infected) 
man,  and  the  carrier  of  TF  infection  is  the  body  louse,  with  the  possible 
participation  of  the  head  lice,  too,  in  this  transmission. 

In  correspondence  with  the  indicated,  the  entire  set  of  measures  for 
the  control  of  epidemic  (louse-borne)  TF  includes,  on  ond  hand,  neutrali¬ 
zation  of  the  sources  of  infection,  which  are  the  sick  persons,  and  or.  the 
other  '•  ..d— destruction  of  lice  both  in  the  primary  focus  of  infection,  and 
in  the  secondary  foci,  if  such  foci  exist  or  are  suspected. 

The  basic  requirement  of  the  neutralization  of  sources  of  infection 
means  the  earliest  possible  detection  of  TF  patients  or  patients  suspected  for 
TF,  with  their  undelayed  hospitalization. 

It  goes  without  saying  that  the  early  diagnosis  of  TF  patients  is  a 
rather  important  precondition  for  the  elimination  of  the  sources  of  infection 
connected  with  the  patients.  Unfortunately,  there  are  no  methods  for  ar.  early 
laboratory  diagnosis  of  TF,  and  the  task  of  early  detection  of  TF  patients 
is  solved  by  the  competence  of  physicians  and  clinicians.  This  question  is 
further  complicated,  since  as  we  have  already  seen  from  the  preceding  material, 
together  with  the  marked  forms  in  epidemic  TF,  we  can  also  find  atypical  ail¬ 
ments  with  mild  course  which  are  especially  true  for  TF  ailments  among  child-' 
ren.  Hence,  there  is  a  general  need  for  the  hospitalization  of  people  sus¬ 
pected  of  TF,  including  preventive  hospitalization  (or  suitable  isolation) 
of  people  with  an  indefinite  fever  lasting  more  than  5  days.  Here,  the  vol¬ 
ume  of  preventive  hospitalization  or  isolation  of  patients  is  decided  by  con¬ 
crete  epidemiological  indices  (nature  and  size  of  the  outbreak,  dissemination 
of  pediculosis,  residential  and  living  conditions,  and  so  on). 

In  hospitalized  patients,  including  all  categories  of  preventive 
hospitalization,  the  diagnosis  of  TF  is  made  more  accurate  or  eliminated  with 
modern  methods  of  TF  serodiagnosis  (see  the  proper  sections),  which  have  a 
decisive  importance  for  the  correct  diagnosis  of  TF,  especially  in  case  of 
its  atypical  course. 
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The  second  requirement  concerns  the  destruction  of  lice  (body  and  head 
lice)  as  carriers  of  TF  infection  as  well  as  the  delousing  of  the  patients  and 
the  foci  of  infection— primary  by  the  place  of  the  patients'  residence,  and 
secondary,  somehow  connected  with  the  primary  foci  according  to  the  data  of 
epidemiological  analysis. 

Here,  TF  patients  and  to  an  equal  degree  also  all  categories  of  pa¬ 
tients  suspected  of  TF,  are  subjected  to  a  sanitary  treatment  at  the  site  of 
their  hospitalization  (or  special  isolation),  and  the  inhabitants  of  the  foci 
are  subjected  to  such  treatment  in  the  sanitary  screening  stations  and  other 
establishments  for  sanitary  treatment.  All  kinds  of  lousy  or  suspected 
clothes  and  bed  linens  which  belong  to  the  patients  and  which  come  from  the 
foci  are  subjected  to  treatment  with  modern  means  of  disinsectization.  The 
measures  of  disinsectization  are  also  carried  out  in  the  corresponding  premises. 

After  the  sanitary  treatment,  all  healthy  persons  coming  from  the 
primary  and  secondary  foci  of  TF  infection  are  subjected  to  a  sanitary  epide¬ 
miological  observation  for  a  period  of  two  months,  with  measurement  of  their 
temperature  for  a  period  of  25-30  days.  Moreover,  all  febrile  persons  are 
hospitalized,  and  in  the  hospitals  they  are  investigated  for  TF  by  laboratory 
methods.  In  addition  to  thermometry,  it  is  recommended  to  submit  the  observed 
persons  to  a  second  serological  examination  for  TF  infection,  with  the  CSR 
test  and  the  specific  hemagglutination  test  at  an  interval  of  10-15  days. 
Healthy  persons  who  give  positive  serological  reactions  (subclinical  forms?) 
are  placed  under  special  supervision  with  a  second  serological  examination, 
and  in  case  of  necessity,  they  are  preventively  hospitalized. 

In  presence  of  epidemiological  or  special  indices,  in  addition  to  the 
general  measures  of  preventive  sanation  of  the  population  (see  below), 
specific  preventive  measures  can  be  also  provided  for  the  threatened  contin¬ 
gents  by  way  of  single  inoculations  of  live  vaccine,  which  is  below  discussed 
in  detail  in  a  special  chapter. 

As  domestic  experience  and  foreign  data  indicate,  the  above  mentioned 
measures  will  absolutely  lead  to  the  elimination  of  epidemic  (iouse-i orne)  IF. 

In  regard  to  sporadic,  or  second,  forms  of  TF,  the  priority  belongs  to 
measures  of  a  preventive  order  which  start  from  the  basic  premises in 
presence  of  pediculosis,  each  case  of  sporadic  (or  second)  TF  is  a  potentially 
threatening  source  for  the  origin  of  epidemic  forms  of  TF,  which  in  their  turn 
can  create  second  (recurrent)  ailments.  Hence,  the  preventive  measures  of 
sporadic  TF  mostly  coincide  with  the  measures  of  control  and  prevention  of 
epidemic  TF. 

Among  these  measures  the  possibly  easliest  detection  of  patients  vino 
have  sporadic  TF  stands  on  the  first  place  for  their  hospitalization.  In  its 
turn  this  task  requires  on  the  part  of  the  clinician  physicians  still  greater 
an  attention  than  in  epidemic  TF.  If  as  we  have  already  seen  in  epidemic 
TF,  together  with  the  predominant  typical  forms,  there  are  atypical  forms  which 
present  a  certain  difficulty  for  the  differential  diagnosis  of  their  nature, 
which  to  a  certain  extent  is  facilitated  by  the  epidemiological  setup,  then 
in  sporadic  TF,  as  we  know,  the  sickness  cases  generally  carry  a  mild  chara¬ 
cter  with  considerable  polymorphism  of  atypical  forms,  frequently  running 
under  different  diagnoses  such  as  grippe,  pneumonia,  catarrh  of  the  upper 
respiratory  pathways,  paratyphoid,  and  so  on.  This  peculiarity  of  ailments 
and  the  lack  of  an  epidemiology  characteristic  for  epidemic  TF  which  makes 
physicians  watchful,  is  complicated  to  a  still  greater  degree  by  the  detection 
of  sporadic  TF  which  very  often,  and  at  times  in  a  predominant  number  of 
cases,  is  diagnosed  only  with  the  aid  of  serodiagnosis .  But,  experience 
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shows  that,  inspite  of  this,  proper  information  of  the  physicians  on  the  nature 
of  the  peculiar  features  of  sporadic  TF  compensated  the  difficulty  to  a  cer¬ 
tain  degree,  even  though  by  needless  suspiciousness.  Thus,  according  to  the 
findings  of  Leningrad  authors,  up  to  60%  of  the  patients  who  were  sent  to  the 
hospital  under  suspicion  of  sporadic  TF,  were  discharged  after  the  findings 
of  serodiagnosis .  This  fact  shows  what  an  attention  can  be  provoked  to  the 
danger  of  sporadic  TF  forms  among  the  ranks  of  physicians.  Thus,  preventive 
hospitalization  as  a  method  of  segregating  TF  in  its  mild  and  atypical  forms 
in  case  of  sporadic  TF  assumes  a  particularly  important  meaning. 

The  discussed  material  in  itself  exclusively  predetermines  the  signi- 
fiance  of  serodiagnostic  methods  for  the  differential  diagnosis  of  sporadic 
TF  forms. 

As  to  delousing  as  a  rather  important  means  in  the  control  and  pre¬ 
vention  of  TF,  in  its  sporadic  forms  this  problem  also  requires  a  special  ap¬ 
proach  in  view  of  its  special  epidemiological  features. 

It  is  well  understood  that,  in  the  presence  of  lice  in  the  patient 
or  in  his  environment,  measures  of  delousing  must  be  carried  out,  as  this  is 
described  for  epidemic  TF,  including  the  same  system  of  observance  by  contact 

persons. 

But,  as  it  is  well  known,  in  case  of  sporadic  TF,  the  louse  factor  is 
often  or  usually  absent  at  a  simultaneous  difficulty  of  recognizing  the 
sources  of  infection.  In  addition,  in  the  absence  of  exogenous  sources  of 
infection,  it  is  generally  difficult  to  get  oriented  as  to  the  possibility 
and  place  of  origin  of  the  sporadic  forms  of  disease.  THEREFORE,  the  control 
of  pediculosis  as  regards  sporadic  TF  develops  into  a  problem  of  sanation  of 
the  population  as  to  pediculosis  in  general. 

As  we  have  seen,  modern  hospitalization  and  disinfection  of  patients 
in  epidemic  TF,-  together  with  sanitary  treatment  and  surveillance  of  the 
primary  and  secondary  foci  of  infection,  should  guarantee  the  elimination  of 
local  and  more  disseminated  outbreaks  of  epidemic  TF. 

As  to  sporadic,  or  second  TF,  the  indicated  measures  are  completely 
suitable  to  detoxicate  the  pertinent  patients  as  potential  sources  of  louse- 
borne  TF  infection,  but  they  do  not  do  away  with  the  appearance  of  other 
sporadic  ailments  related  to  recurrences  of  earlier  passed  TF,  which,  accord¬ 
ing  to  the  data  of  a  number  of  authors  (especially  Romanian  authors)  are  seen 
approximately  in  3%  of  the  persons  previously  sick  with  TF. 

Hius,  we  can  only  talk  of  a  reduction  of  the  number  of  patients  of 
sporadic  TF,  as  the  heritage  of  its  epidemic  forms,  by  way  of  radical  mea-  . 

sures  of  control  and  prevention  of  the  latter.  For  it  is  completely  evident 

that  the  number  of  sporadic  TF  ailments  will  be  proportionate  to  the  pre¬ 
ceding  number  of  sickness  cases  of  epidemic  TF.  But  means  for  the  prevention 
of  recurrences  in  the  previously  sick  persons  with  TF  are  not  known.  It  is 
true,  since  the  recurrences  are  related  to  a  loss  or  attenuation  of  the  re¬ 
sistance  of  organism,  it  should  be  thought  that  the  raising  of  che  living 

standard  in  the  sense  of  nutrition,  hygiene  of  life  and  so  on  should  limit 

also  the  recurrences  which  would  mean  a  limitation  of  the  number  of  sporadic 
forms.  It  is  possible  that,  even  with  immunization  of-  the  threatened  con¬ 
tingents,  e.g.,  with  live  vaccine,  recurrences  can  be  reduced  or  prevented. 

But  this  question  has  only  a  theoretical  interest,  and  it  cannot  be  subjected 
to  study,  which  in  our  opinion  could  be  appropriately  carried  out  by  vac¬ 
cinating  the  corresponding  age  categories,  especially  those  who  are  seroposi¬ 
tive  or  who  give  allergic  reaction  with  an  antigen  made  from  RPr.  Finally,  the 
possibility  is  not  excluded  that  an  energetic  cure  of  TF  patients  with  anti¬ 
biotics  will  promote  the  sterilization  of  patients  in  respect  to  the  patho¬ 
genic  agent,  and  thus,  will  prevent  the  possibility  of  recurrences. 
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INOCULATIVE  PREVENTION  OF  TYPHUS  FEVER 


Modern  inoculative  prevention  of  TF  is  based  upon  the  immunization 
of  people  with  different  types  of  vaccines  made  from  R.  prowazeki.  Its  his¬ 
tory  cannot  be  separated  from  the  general  history  of  the  origin  and  develop¬ 
ment  of  the  methods  of  accumulation  and  cultivation  of  rickettsiae  under 
laboratory  conditions,  and  as  a  whole  it  is  determined  by  the  success  of 
this  section  of  laboratory  mastery  and  study  of  rickettsiae. 

At  present,  the  use  of  two  types  of  vaccine  made  of  R.  prowazeki  can 
be  discussed;  — the  killed  vaccine,  and  the  attenuated  live  vaccine. 


KILLED  PROTECTIVE  VACCINES. 

Having  established,  together  with  S.  PR0WA2EK,  the  multiplication  of 
TF  rickettsiae  in  the  stomachs  of  body  lice,  G.  DA  ROCHA  LIMA  was  the  first 
in  1917-1918  to  use  in  an  experiment  Infected  lice  as  material  for  the  pre¬ 
paration  of  TF  vaccine  from  killed  rickettsiae. 

Having  used  a  phenolized  mixture  made  of  body  lice,  infected  by 
feeding,  he  became  convinced  in  guinea  pig  experiments  that  three  inoculations 
of  this  vaccine  in  doses  containing  5,  10  and  20  lice  usually  cause  an  im¬ 
munity  in  these  animals  to  their  further  infection  with  TF  virus  (DA  ROCHA 
LIMA,  1918).  The  indicated  experiments  of  DA  ROCHA  LIMA  were  also  the  start¬ 
ing  point  for  all  subsequent  works  on  the  preparation  of  preventive  TF  vac¬ 
cine  of  different  types  made  from  killed  Rickettsiae  prowazeki. 

I.  LOUSE  VACCINE  (VACCINE  OF  WEIGL.  AND  VACCINE  OF  PSHENICHNOV- 
RAIKHER) . 

The  above  quoted  observations  of  DA  ROCHA  LIMA  were  limited  only  to 
experimental  examination  of  the  TF  vaccine  from  rickettsiae  of  infected  lice. 
Further  improvement  and  practical  use  of  the  vaccine  of  this  type  was  carried 
out  a  little  later  by  the  Polish  investigator  R.  WEIGL  who  for  the  prepara¬ 
tion  of  "louse"  TF  vaccine  used  a  method  which  he  elaborated  for  the  accumu¬ 
lation  of  R.  prowazeki  in  the  gastro-intestinal  tract  of  lice  by  inoculating 
them  through  a  rectal  microenema.  Using  this  method  for  the  preparation  of 
vaccine,  WEIGL  employed  the  intestine  of  infected  lice  which  is  filled  with 
rickettsiae,  by  triturating  them  in  a  0.5%  solution  of  phenol.  The  author 
studied  in  detail  the  preventive  effect  of  this  vaccine  on  various  animals 
(guinea  pigs,  rabbits,  monkeys),  and  further  on  he  conducted  the  first  im¬ 
munization  of  people  with  this  vaccine,  having  determined  simultaneously 
the  accurate  dosage  of  the  vaccine  (WEIGL,  1921-1930). 

This  is  how  the  generally  known  ’*WEIGL  vaccine"  was  created,  and  fur¬ 
ther  on  it  was  slightly  modified  with  the  addition  their  fecalia  to  the  in¬ 
testines  of  infected  lice  at  the  rate  of  1:1.5  (CHRZANOWSKI,  and  G.S.  HOSING, 
1931). 

The  WEIGL  vaccine  was  rather  widely  used  in  Poland  (CHODSKD,  1933), 
in  China  among  the  missionaries  (RUTOEN,  1936),  as  well  as  for  individual 
prevention  of  laboratory  workers  (The  L'vov  and  the  Tunis  institutes  and 
others).  As  a  result  it  was  detected  that  this  vaccine,  at  its  full  dosage, 
does  not  protect  from  TF  disease,  but  it  makes  its  course  easier  in  case  of 
infection,  and  it  leads  to  a  zero  mortality. 
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According  to  the  original  prescriptions  of  WEIGL  (1930),  a  triple  inoculation 
with  his  vaccine  was  considered  in  doses  corresponding  to  25,  50  and  100 
intestines  of  infected  lice,  which  in  sum  amounted  to  about  9  billion  ric- 
kettsiae.  In  the  years  of  the  Second  World  War,  WEIGL  sharply  reduced  the 
dosage  of  his  vaccine  to  25-30  intestines  per  an  inoculation  course.  In 
Poland,  about  a  million  persons  were  inoculated  by  this  method;  moreover, 
according  to  the  excessively  optimistic  statement  of  the  author,  the  results 
of  the  inoculations  could  "surpass  the  expectations"  in  spite  of  the  reduced 
dosage . 


In  the  years  of  the  Second  World  War,  A.V,  PSHENICHNOV  and  B.I. 
RAIKHER  used  a  formalinized  (0.27.)  suspension  for  vaccine  made  of  triturated 
larvae  of  lice  which  were  infected  with  R.  prowazeki  by  feeding  them  through 
an  epiderraomembrane  according  to  A.V.  PSIENICHNOV,  and  freed  from  chitin 
particles  by  centrifugation.  This  vaccine  is  prepared  at  the  rate  of  100 
larvae  per  2.5  ml  of  physiological  saline,  and  in  the  indicate  volume  it 
contains  about  3-4  billion  rickettsiae  which  are  introduced  with  triple 
inoculations  in  doses  of  0.2  -  0.8  -  1.5  ml.  (A.V.  PSHENICHNOV,  1942,  B.I. 
RAIKHER,  1943;  A.V.  PSHENICHNOV,  B.I.  RAIKHER,  E.G.  NOSKOVA,  1945).  As  it 
was  proved,  in  people  with  a  dosage  of  50-100  larvae  and  in  a  case  of  a  mas¬ 
sive  contact  the  effect  of  the  vaccine  is  not  large,  but  in  case  of  a  dosage 
of  100-200  larvae,  and  in  the  presence  of  a  weak  contact  the  vaccine  dis¬ 
plays  high  protective  properties  (A.V.  PSHENICHNOV,  1944). 

The  PSHENICHNOV -RAIKHER  vaccine,  differing  from  the  WEIGL  vaccine 
by  the  simplicity  of  mass  preparation,  found  a  rather  wide  employment  in 
our  country  during  the  Second  World  War. 

At  die  present  time,  the  WEIGL  vaccine,  just  as  also  the  PSHENICHNOV- 
RAIKHER  vaccine,  have  essentially  a  historical  significance  in  presence  of 
other  more  rational  types  of  vaccine  (See  below). 


II.  EGG  VACCINE  (THE  VACCINE  OF  COX). 

The  egg  vaccine  of  COX  is  prepared  from  R.  prowazeki  which  are  ac¬ 
cumulated  in  the  vitelline  sacs  of  chick  embryoes  by  the  method  of  COX.  At 
the  preparation  of  this  vaccine  a  suspension  of  rickettsial  vitelline  sacs 
is  killed  with  formalin,  and  then  from  it  the  rickettsiae  are  extracted  by 
way  of  ether  treatment  according  to  the  method  of  CRAIGIE  (1945).  This  ric¬ 
kettsial  suspension,  which  is  purified  from  the  admixture  of  the  vitelline 
sac  and  is  killed  with  formalin  in  a  certain  concentration  to  which  a  pre¬ 
servative  agent  is  added,  is  also  the  so-called  egg  TF  vaccine  of  COX  which 
is  standardized  as  to  its  capacity  to  produce  antitoxic  immunity  in  guinea 
pigs  or  in  mice. 

During  the  Second  World  War  the  egg  vaccine  of  COX  had  a  very  wide 
use  in  the  USA  and  in  England  for  the  immunization  of  military  units.  It 
was  also  rather  widely  used  in  certain  districts  especially  threatened  in 
epidemiological  relation  for  troops,  and  among  the  local  civil  population 
(EGSPT,  Iran,  Iraq,  and  so  on). 

Among  the  Americans,  the  egg  vaccine  of  a  definite  standard  was  used 
three  times  in  a  dose  of  1  ml,  with  subsequent  revaccination  6  months  there¬ 
after,  or  two  inoculations  in  the  same  dosage,  but  with  revaccination  at  the 
start  and  in  the  middle  of  the  epidemic  season. 
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III.  PULMONARY  VACCINE  (DURAND-GIROUD  VACCINE) . 

Ihe  pulmonary  TF  vaccine  is  prepared  from  R.  prowazeki  which  were  ac¬ 
cumulated  in  the  lungs  of  animals  after  intranasal  or  intratracheal  infection. 
The  best  percentage  of  the  pulmonary  vaccine  results  in  white  mice  which, 
with  a  certain  procedure  and  regime,  can  provide  vaccine  production  at  very 
large  scales  (M.K,  KRONTOVSKAYA  and  collaborators,  M.M.  KAEVSKII  and  colla¬ 
borators). 

From  the  pulmonary  mass,  the  formalin-killed  rickettsiae  are  ex¬ 
tracted  either  by  way  of  differential  centrifugation  (vaccine  of  the  DURAND- 
GIROUD  type),  or  else  with  the  aid  of  ether  treatment  (ether-pulmonary  vac¬ 
cine  of  M.K.  MAEVSKII). 

In  the  years  of  the  Second  World  War,  the  pulmonary  vaccine,  only 
partly  used  abroad  (mostly  in  France),  was  the  main  inoculative  preparation 
against  TF  in  our  country  in  the  Army,  and  among  the  threatened  civil  popula¬ 
tion. 


In  the  war  years,  the  vaccine  was  used  at  a  relatively  low  concentra¬ 
tion  (approximately  250  billion  in  1  ml  by  bacterial  standard,  with  a  triple 
administration  of  the  vaccine  in  doses  of  0.5  —1  —1  ml  at  5-7  day  intervals). 

In  the  postwar  perio^,  the  concentration  of  the  vaccine  was  increased 
2-4  times,  and,  moreover,  they  started  to  release  a  lyop'nilic  dry  vaccine, 
deposited  with  calcium  phosphate  (M.  KRONTOVSKAYA  and  collaborators).  It 
should  be  mentioned  however,  at  the  same  time  that  the  latter  type  of  depot 
vaccine  proved  to  be  highly  reaction-provoking. 


EFFICIENCY  OF  THE  KILLED  VACCINES,  v 

Comparison  of  the  data  which  accumulated  in  the  literature  on  the 
efficiency  of  various  vaccine  types,  louse,  egg,  and  pulmonary  vaccines, 
shows  that  all  types  of  the  pertinent  vaccines  made  from  killed  RPr.  display 
mainly  identical  protective  action.  As  experimental  and  clinical  epidemio¬ 
logical  observations  show,  the  level  of  efficiency  of  killed  17  vaccines  can 
considerably  vary,  but  these  variations  are  conditioned  not  by  the  vaccine 
type.  They  are  conditioned  by  other  factors,  for  instance,  the  rickettsial 
content  in  the  vaccine  and  their  dosage,  the  form  of  vaccine  (the  ordinary 
form  or  the  depot  form),  and  the  manner  of  their  employment  (repetition  of 
inoculations,  combination  of  primary  immunization  and  revaccination) . 

As  to  the  efficiency  of  killed  vaccines  made  of  RPr,  according  to 
the  general  acknowledgement  of  both  domestic  authors  (A.F.  BILIBIN,  N.N. 
ZHUKDV-VEREZHNIKOV  with  collaborators,  M.K.  KRONTOVSKAYA,  A .A.  GRINFELD  et 
al.,  D.S.  SHASTNYI  and  N.YA.  EREMEEVA,  S.D.  GLADKIKH,  A.B.  ALEKSANYAN, 

K.F.  KATSITADZE,  E.M.  MESHASHVILI,  S.  FAIFSTEIN  and  K.  BEZDENEZHDIKH  and 
others,  1944-1949),  and  foreign  investigators  (J.  SADUSK,  1947;  S.  ECKE  et 
al,  1945;  STEWART-GARRIS  et  al,  1945;  DURAND,  1943-1944;  SACHS,  1946  and 
others),  inoculations  against  TF  with  the  aid  of  killed  vaccines  do  not 
guarantee  the  inoculees  against  TF  infection,  but  they  regularly  convert  TF 
into  a  benign  ailment. 

As  an  illustration  of  the  antiepidemic  effect  of  the  quoted  inocula¬ 
tions,  here  are  the  below  quoted  summarized  data  which  were  published  by 
Soviet  authors  during  1945-1949  and  which  mostly  refer  to  the  period  of  the 
Second  World  War.  According  to  these  data,  among  43,034  inoculees,  133 
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sickness  cases  were  recorded,  or  30.9  per  10,000,  while  during  the  same  time 
among  67,488  non-inoculated  persons,  446  sickness  cases  were  observed,  or 
77.5  per  10,000.  In  other  words,  among  inoculees  sickness  cases  occurred 
as  an  average  2%  times  less  often  compared  with  non-inoculated  persons.  It 
should  be  added  to  this  that  among  the  whole  bulk  of  inoculees  and  sick  per¬ 
sons,  only  two  cases  had  a  fatal  outcome,  while  among  the  non-inoculated 
persons  the  TF  mortality  was  observed  in  the  range  of  from  4.2  -  5.9  to 
10.7  -  12.5%  (P.F.  ZDR0D0VSKII) . 

Yet,  it  should  be  considered  that  the  quoted  statistics  characterize 
the  average  efficiency  of  inoculations  which  can  considerably  vary  in  indi¬ 
vidual  groups  of  inoculees  depending  upon  the  seriousness  of  epidemics  and 
the  general  conditions. 

In  inoculees  and  sick  patients,  as  it  was  already  remarked,  TF  has 
a  mild  course,  which  is  in  a  not  always  recognizable  form.  Hence  the  ques¬ 
tion  arises,  to  what  extent  these  light  forms  are  infectious  for  lice,  which 
is  the  same  as  the  question  about  the  epidemiological  importance  of  light 
TF  among  inoculees  which  sometimes  appear  in  obliterated  forms.  The  find¬ 
ings  available  in  the  literature  on  this  question  are  as  follows. 

In  cases  of  serious  course  of  TF  among  the  inoculees,  which  is  in¬ 
frequently  observed,  on  these  patients  the  infection  of  lice  can  happen  in 
the  usual  order  (EKKE  and  others,  1945).  As  to  the  light  forms  of  TF  in 
inoculees,  in  these  cases  the  infection  is  also  possible,  yet  only  to  a 
limited  or  very  limited  degree. 

Thus,  according  to  the  data  of  V.I.  MITROFANOVA  (1945),  who  ob¬ 
served  15  TF  patients  among  the  inoculees,  lice  were  infected  in  2.5%  - 
20%  of  the  atypical  forms,  and  in  20%-39%  of  the  light  forms  of  the  disease. 

Together  with  this,  according  to  the  observations  of  SNYDER,  MURRAY 
et  al  (1949),  with  long-lasting  (10  days)  feeding  of  lice  on  TF  patients, 
the  intensity  of  lice  infection  is  230  times  less  among  inoculees,  compared 
with  non-inoculated  patients. 

In  conclusion  it  is  not  without  interest  to  point  out  the  deter¬ 
mination  of  the  efficiency  of  inoculations  with  killed  vaccine  which  were 
made  lately  by  American  authors  under  experimental  conditions  on  volunteers. 

Thu3,  out  of  6  double  immunized  persor  with  the  COX  vaccine,  at 
their  infection  with  TF  virus  three  got  as  sick  as  the  controls,  two  had  the 
sickness  in  a  mild  form,  and  one  did  not  get  sick.  At  the  same  time,  among 
6  primarily  immunized  and  revaccinated  volunteers,  at  their  subsequent  in¬ 
fection,  one  got  sick,  while  5  persons  showed  complete  resistance  (FOX  et 
al,  1959). 

The  quoted  experiments  clearly  show  a  perfectly  unsatisfactory  ef¬ 
ficiency  of  the  primary  immunization,  and,  in  contrast,  a  high  efficiency 
of  the  primary  immunization  in  combination  with  revaccination  which  should 
be  thus  considered  as  an  obligatory  measure  at  the  employment  of  killed  vac¬ 
cines  against  TF. 


PROBLEMS  OF  LIVE  VACCINE. 

As  we  have  seen,  inoculations  with  killed  vaccine  made  of  RFr  can 
be  fully  efficient  under  the  condition  of  sufficient  concentration  of  ric- 
kettsiae  in  the  inoculative  preparation,  and  with  the  use  of  double  immuni¬ 
zation  in  obligatory  combination  with  a  later  revaccination. 
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Nevertheless,  the  inoculative  prevention  of  TF  with  the  aid  of  killed 
vaccine  has  practically  no  perspective,  or  only  a  perspective  in  narrow  limits. 
This  is  caused  by  two  circumstances:— the  methodical  complexity  of  the  re¬ 
quired  second  inoculation  and  the  difficulty  which  makes  unreal  the  prepara¬ 
tion  of  a  vaccine  of  the  necessary  concentration  at  a  large  scale  of  inocu¬ 
lations.  Moreover,  in  inoculations  with  killed  vaccine,  the  production  of 
immunity  requires  considerable  time.  All  in  all,  as  a  rational  measure  of 
planned  prevention  of  more  or  less  limited,  organized  contingents,  the  im¬ 
munization  with  killed  vaccine  cannot  be  used  as  an  antiepidemic  means. 

By  analyzing  the  problem  of  killed  vaccine  in  its  final  review,  the 
greatest  American  specialists  come  to  the  similar  conclusion,  emphasizing 
that  only  the  live  vaccine  can  satisfy  the  requirements  of  antiepidemic 
prevention  of  TF  under  emergency  conditions  (E.  SMADEL,  B,  JACKSON,  M. 
CAMPBELL,  1959) . 

The  advantage  of  live  vaccine  as  an  antiepidemic  means  against  TF 
is  entirely  obvious -the  live  vaccine  is  easily  prepared  with  a  minimum 
of  losses  and  it  can  be  stored  in  an  unlimited  quantity.  It  is  simple  in 
use,  since  it  is  used  in  a  single  inoculation.  Finally,  the  live  vaccine 
quickly  produces  immunity,  and  thus  it  can  counterattack  an  epidemic. 

Hence,  already  previously  the  investigators,  especially  according 
to  the  School  of  CH.  NICOLLE  (Tunis),  paid  attention  to  the  search  of  a 
live  vaccine  against  TF.  During  1934-1940,  the  French  authors,  at  their 
head  with  CH.  NICOLLE,  had  arranged  to  a  certain  extent  a  preparatory  suage 
for  the  solution  of  the  problem  of  live  vaccine  with  the  use  of  "attenuated" 
strains  of  rat  rickettsiasis  as  a  live  vaccine  against  epidemic  TF,  whose 
pathogenic  agent  is  close  to  R.  mooseri  according  to  its  antigenic  structure. 
CH.  NICOLLE  and  LEGRE  (1936)  proposed  for  this  purpose  the  brain  virus  of 
rat  rickettsiasis  (The  E  strain  of  SPARROW),  attenuated  by  exsiccation  in  a 
phosphate  buffer  salt  mixture,  and  then  made  into  an  emulsion  in  chick 
vitelline  membrane  (encasing  of  the  vaccine)  with  sufficient  emulsification 
in  a  vegetative  oil  (additional  encasing). 

BLANC,  the  pupil  of  CH.  NICOLLE,  used  treatment  with  bile  for  the 
attenuation  of  the  virus  of  rat  rickettsiasis.  His  "bilivaccine"  was  ori¬ 
ginally  (1934-1938)  prepared  from  a  suspension  of  organs  of  infected  guinea 
pigs  (suprarenals,  spleen,  testicular  membranes),  which  were  treated  with 
bile,  and  later  on  (since  1938)  the  author  prepared  the  "bilivaccine"  from 
"fecal  virus"  treated  with  bile,  and  taken  from  fleas  which  were  infected 
on  rickettsial  rats. 

With  the  indicated  vaccines  and  particularly  with  the  "bilivaccine" 
of  BLANC,  in  North  Africa  mass  inoculations  of  the  population  were  under¬ 
taken  against  epidemic  TF.  Suffice  it  to  say  that  during  1934-1940  more 
than  2  million  persons  were  inoculated  with  the  "bilivaccine"  of  BLANC. 

In  the  opinion  of  the  authors,  the  vaccines  from  Mooser's  rickett- 
siae  in  their  above  given  samples  proved  to  be  completely  tolerated  and 
highly  effective  so  that  in  a  number  of  cases,  for  instance,  with  the  aid 
of  BLANC’s  "bilivaccine"  the  epidemic  could  be  cut  short  (BLANC,  1937; 

BLANC  and  BALTHASAR,  1941). 

However,  the  simultaneous  and  subsequent  researches  of  BLANC's 
"bilivaccine"  in  Chile  (1935)  and  in  Japan  (1944)  showed  the  dangerousness 
of  this  vaccine  which  not  infrequently  caused  sickness  cases  of  rat  rickett-* 
siasia  among  the  inoculees,  at  which  several  persons  among  the  sick  died 
(F.  PALACIOS,  R.  CHAVEZ,  0.  AVEDAN0,  1935;  SADUSK  and  H.  KUHLENBECK,  1946). 
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Thus,  the  French  investigators,  having  established  the  unquestionable  pros- 
peots  of  a  live  vaooine,  oould  not  offer  yet  a  reliable  preparation  of  the 
latter* 

In  191+3,  this  question  reaohed  its  definite  solution  in  the  lucky 
disoovery  of  the  Spanish  investigators  CLA.V2R0  DEL  CAIuPO  and  PEREZ  GALLIARDO, 
mho  became  the  possessors  (holders)  of  the  E  strain  of  R?r  which  lost  vir¬ 
ulence,  spontaneously  splitting  off  from  the  egg  culture  of  the  virulent 
"Madrid”  strain  in  the  lljth  passage*  Studied  in  a  preliminary  manner  in 
Spain  in  animal  experimentations,  and  tried  out  not  without  success  in  mass 
inoculations  of  people,  in  its  225th  passage  in  chick  em'oryoes  the  E  strain 
was  transported  to  the  USA  where  it  was  also  submitted  to  detailed  study 
by  the  collective  of  American  authors  undor  the  leadership  of  Prof.  FOX, 
with  a  wide  trial  of  inoculations  on  people.  In  a  summary,  the  mentioned 
observations  permitted  the  American  authors  to  explain  with  greater  relia¬ 
bility  the  harmlessness  and  reactigenous  properties  of  the  live  vaccine  S, 
to  work  out  its  dosage  for  people,  as  well  as  to  study  its  immunogenicity 
and  efficiency  in  direct  trials  by  infecting  inoculated  persons  with  IF 
virus*  The  main  results  of  this  extensive  cycle  of  investigations  could  bo 
briefly  summarized  in  the  follovlng  manner* 


DATA  OF  AMERICAN  AUTHORS  ON  LIVE  VACCINE  E. 


For  vaccine  the  American  authors  used  an  egg  culture  of  rickettsiae 
of  strain  E  in  the  form  of  a  lyophilio  exsiccated  10#  suspension  made  of  vi¬ 
telline  sacs  of  infected  chiok  embiyoes,  by  determining  the  rickettsial 
concentration  in  the  vaooine  according  to  their  oontent  of  infectious  doses 
for  ehifik  embryo  (MINE).  In  a  dry  vaooine  this  concentration  corresponded 
to  10'*5  indicated  doses. 

v 

The  dry  vacoine  can  be  kept  in  refrigerator  without  change  of 
standard  for  several  months.  Before  use,  the  dry  vaccine  is  dissolved  in 
sterile  distilled  water  and  diluted  to  the  required  concentration  in  a 
sugar-pho sphate- glutamini o  buffer  solution.  Tho  diluted  vaccine  is  used 
in  a  dose  of  0.25  ml  subcutaneously  and  intramuscularly;  moreover,  it  was 
tested  for  reactivity  and  immunogenicity  in  concentrations  of  1,  0.25  and 
0.1#.  It  was  also  detected  that  vaooine  E  causes  early  reactions  soon 
after  its  administration  and  late  reactions  which  appear  9-li;  days  after¬ 
wards  and  correspond  to  vaooinal  TF  infection.  Belov/  are  given  tho  data  of 
Amerioan  authors  on  the  reactivity  of  the  most  toleratod  and  sufficiently 
immunogenic  1%  concentration  of  the  vaooine,  as  it  appears  in  early  (Table 
27)  and  late  (Table  28)  reactions. 
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TABLE  27.  -  1... number  of  inoculees  and  controls;  2. . . reaction 
in  %t  3***fa732‘*  1+...  ho  ad  ache;  5»»»nausoa; 

6. . .vomiting;  7. ..general  malaise;  8... local  re¬ 
action;  ^..lymphadenitis;  10. ..control  £85; 

11.. . Total  v.ith  correction. 


LATE  REACTIONS 
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TABI3  28.  -  1... number  of  inoculees  and  controls;  2... reaction 
in  %;  3. ..all  degrees;  li...fcy  degree;  5»»»by 

duration  in  days;  6. .. character  of  reaction  in  %; 

7. . .favor;.  8. . .headache;  9« ..nausea,  vomiting; 

10.. . bed  regime;  1... control  885;  12... Total  with 

correction. 


Thus,  in  tho  noxt  few  days  after  inoculations  (with  correction  for 
the  control,  marked  direct  reactions  v.uro  associated  in  35?  with  short  fover; 
in  the  majority  of  cases  (105?)  they 'we  re  rostrictod  to  headaches  and  gen¬ 
eral  malaise  (65'),  in  presence  of  local  reaction  and  lymphadenitis  ir.  67'. 

As  to  iiie  late  reactions,  i.e.,  symptoms  of  -vaccinal  infection, 
with  correction  for  tho  controls,  thoy  were  noted  in  all  forms  and  degreos, 
in  15%,  inoluding  a  marked  degroe  only  in  If.,  which  made  bod  regime  nec- 
ossary,  with  a  length  of  the  reactions  In  tho  majority  from  1-3  (55?)  up  xo 
i*-6  (85?),  rarely  (25?)  lasting  7  days  or  longer.. 

The  late  reactions  ware  manifested  chiefly  in  the  form  of  headachos 
(ill#),  with  presenoe  of  fever  in  35?  of  the  cases. 
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The  imraunogonio  offeot  with  its  verification  in  215  inoculeos  was 
manifested  by  a  positive  C3R  of  some  degree  in  89$,  and  in  a  combination 
of  this  with  toxin  neutralization  in  95%* 

Such  aro  the  main  results  by  studying  the  roaetiger.ieity  and  the 
immunogenioity  of  live  vaccine  2  at  its  10"?  concentration,  as  they  wore  re>- 
f looted  in  a  subsequent  summary  of  American  authors  (J,  FOX,  J.  KONTOYA,  K, 
JORDAN  et  al,  1959)- 

For  the  Illustrations  of  th9  protective  efficiency  of  live  vaccine 
E,  the  American  investigators  carried  out  experiments  with  infecting  in- 
ooulees  volunteers  with  a  virulent  strain  of  Rickettsia  prowazeki  (the 
BREINL  strain)* 

In  this  experiment  out  of  b2  inoculeos  vdth  the  E  vaccino  who  were 
infeoted  in  a  period  of  2  months  to  5%  years  after  the  inoculation,  in  37 
persons  the  infeetion  was  without  results;  in  5  persons,  obliterated  forms 
of  infeotion  developed,  and  in  2  persons  there  was  marked  sioknoss  which 
did  not  differ  from  the  controls  who  accompanied  tho  experiments  in  all 
times  of  the  researoh  on  innunity  in  tho  inoculeos  (FOX  and  collaborators, 
195^1959)*  Thus,  a  well-manifested  protective  action  of  vaccine  2  was 
displayed  in  the  experiment  iniogard  to  the  virus  cf  TF  infection,  with  its 
maintenance  in  the  inooulees  not  'ess  than  5  years* 

Finally,  it  should  be  mentioned  that  by  the  same  data  of  American 
investigators,  the  persons  inoculated  with  live  vaccino  S  could  not  pre¬ 
sent  any  danger  in  on  epidemiologioal  respect,  sinco  there  are  no  rickett- 
siae  in  them,  and  after  the  introduction  of  tho  vaccine,  lice  cannot  become 
infeoted  at  feeding  on  the  inooulees  for  10  days'  duration  (quoted  after 
FOX,  and  others,  1959)* 


PERSONAL  OBSERVATIONS  V.ITII  THE  "E"  LIVE  VACCINE. 


At  the  end  of  1955,  due  to  the  kindness  of  Prof.  G.  FOX,  by  the-i  in¬ 
termediation  of  Dr.  K.  FILIPP  (Montana,  USA),  wo  obtained  a  strain  3  of 
RPr  which  in  the  subsequent  yoars  (1956-1962)  v/as  subjected  first  to  de¬ 
tailed  experimental  study  (1956-1957),  and  lator  on  it  v/as  studied  as  a 
live  vaooine  for  inoculation  of  people,  at  first  for  organized  contingents, 
and  later  in  a  wide  experiment  of  mass  immunization  (I90O-1962). 

The  results  of  this  largo  long- ran go  experiment,  which  to  a  consid¬ 
erable  degree  corroborated  the  abovo  outlined  data  of  American  investiga¬ 
tors,  oan  be  summarized  in  a  general  outline  as  follows. 

The  experimental  portion  of  the  work  in  our  laboratory  established 
that  strain  E  did  not  differ  at  all  from  the  virulent  strains  of  R?r  in 
regard  to  morphology,  cultivation  in  chick  embryoos,  and  serology.  At  tho 
same  time,  it  differs  very  much  in  its  pathogenic  properties  in  experiments 
on  guinea  pigs,  in  whioh  even  at  a  maximum  dosage  (10"*  to  10”2  I3D  =  mini¬ 
mum  infective  dose)  at  intraabdominal  inoculation  it  causes  only  a  benign 
symptomless  infection,  while  the  virulent  3R3INL  strain  under  the  same  con¬ 
ditions  of  infeotion  oauses  a  febrile  reaction  in  guinea  pigs  in  doses  of 
10" '  -  10r*B  (p.F#  ZDROUOVSHI,  E.M.  G0LIN3VICH,  V.A.  YABLONSKAYA).  At  the 
seme  time,  the  asymptonatio  forms,  vhioh  are  caused  by  doses  icr3  -  io~® 
-of  the  E  strain,  showed  oonplete  resistance  to  intensive  treatment  of  the 
infeoted  guinea  pigs  with  oortisone,  while  in  case  of  their  infeotion  with 
the  BREINL  strain,  even  with  a  dose  of  10~8,  under  the  effect  of  cortisone 
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marked  activation  of  the  asymptomatic  f or,r.s  was  observed  (V.A..  GSinG). 

Tho  histopathologjcal  changes  in  guinea  pigs  infoctf-;  with  Strain  E 
were  also  considerably  loss  marked  compared  with  pigs  infos  to  :1  with  the 
BREINL  strain  (I.N.  KOKORIN). 


As  to  tho  i'.mur.O  genic  properties  of  0 train  H,  they  wore  manifested 


in  it  sufficiently  well,  oven  ■ 
BREINL  strain.  .Thus,  dosos  of 


thou  .-in 

10“*  - 


soney.hat  v.nakor  than  in  tho  virulent 
10“4  cf  S train  '£  regularly  caused  a 


full  or  partial  resistance  in  tho  guinea  pigs 
the  virulent  BRSINL  strain.  In  doses  of  10"5 
tation  varied,  while  in  a  dose  of  10“  7  the  im: 


acucnt  infection  with 
the  of  foot  of  irmuni- 


iuni ty  was  absent. 


At  tho  same  time,  even  in  a  dose  of  10”6  tho  DESIRE  strain  regal -viy 
oroduood  immunity  in  guinea  pigs,  with  varying  results  for  tho  dosos  10“3  - 

io-io. 


It  is  important  to  remark  that  in  dosos  of  10“^  -  10“ 3  already  on 
the  second  day  after  inoculation  Strain  E  produced  a  resistance  in  guinea 
pigs  to  infoction  in  the  order  of  a  promunition,  ’.visile  after  &  week  ti.j 
immunity -lovol  smo  equivalent  to  10“’’  -  10“7  infective  doses  of  tho  HVZl.W 
strain  (£.M,  GOLINSVICH). 


Such  are  the  experimental  character! sties  of  Strui 
outline,  which  poruiits  us  to  troat  it  c.s  a  strain  that  cor 
experimental  requirements  raised  against  a  live  attenuated 


i  E  in  t 
m  spends 
vaccine 


Having  bo  come  convincod  about  the  hnmlossnoss  and  rmsunolsgisal 
offioionoy  (by  CBS  end  KAR)  of  live  vaccine  2  on  a  not  very  largo  group  of 
volunteers,  with  the  decision  of  the  Cor.:vitto3  of  Vacoisos  and  Sera  at  vho 
USSR  Ministry  of  Public  Health*  cur  laboratory  carried  out  a  mass  vucoir.a- 


ti on  tost  with  tho  idea  to  have  a::  objective  opinion  cn  the  roaotogonici ty 
and  imnunogonicity  of  tho  vaccine  in  practical  settings  (V.A.  YABLOKSKAEA 
in  collaboration  vdth  M.C,  KSiCSSSVA,  7.F.  IGNATOVICH  and  S.U.  DUTOVA). 


For  the  immunisation  of  pcoplo,  2.15.  GGLIKSVICu  prepared  six  series 
of  lyophilic  dried  vacoir.o  E  which,  at  its  standardisation  by  infoction  of 
chick  ombryoos  with  counting  tho  presence  or  absence  of  rickotssiao  in  t be¬ 
smears  vdth  an  incubation  up  to  the  12th  day  inclusively  gave  tho  following 
results:-— —at  10"'  dilution,  rickottsias  wore  found  in  all  six  series  in 
Xl*  out  of  h9  info c ted  enbryoos,  wi th  variations  from  2/9  to  ii/9.  At  dilu¬ 
tion  10“®  the  summary  results  wore  manifested  at  tho  rate  of  2  positive 
findings  for  Ij6  infected  enbryoos,  with  a  variation  cf  l/S  to  0/9.  Thus, 
the  titra  of  tho  prepared  and  lyophilically  exsiccated  vaccine  was  aqua  I 
to  10“ 7  exprossed  in  u(IDE  (=  Minimum  Infective  Dose  for  chick  Enbryoos 
(B.M.  G0I2NE7ICH,  1962). 

Tho  innunogonic  properties  of  the  prepared  serios  of  E  vaccine 
were  checked  on  guinea  pigs  by  moans  of  intraabdominal  inoculation  of  the 
animals  with  1  ml  of  the  vaccine  in  a  dilution  of  10“2,  10*3,  10"4,  1G“5, 
vdth  subsequent  tost  of  the  immunity  after  1*5-60  days  by  roeau3  of  intra¬ 
abdominal  infection  of  tho  animals  vdth  a  virulent  BREINL  strain  (o~~  cul¬ 
tures)  in  a  dose  corresponding  to  10, COO  MID  which  in  control  guinea-pigs 
causes  a  5-7  day  fever  after  a  period  of  5-5  Hays  of  incubation. 

The  summary  data  of  this  experiment  in  the  dose  of  10“ 3  yiiich  osnoo- 
ially  interested  for  us  wero  manifested  in  all  six  serios  in  the  following 
ratios*— out  of  50  vaoinnated  pigs,  U*  i.e.,  B8%  displayed  marked  Immunity, 
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including  full  immunity  in  72#  (in  those  pigs  a  fc-brilo  reaction  vas  comple¬ 
tely  absent),  an!  partial  immunity  in  6  (12#)  (1-2  day  elevation  of  tempera¬ 
ture). 

In  all  the  vaccinated  guinea  pigs,  the  corun  an-  tested  at  the  sane 
time.  It  gavo  positive  C 33  reaction  in  ail  cases  with  an  average  titro  of 
1:65.3,  v.-ith  variations  for  the  individual  series  from  1:80*5  to  1:216,6 
(B.M.  G0UNE7ICH). 

For  poople  the  inoculative  dose  of  the  prepared  live  vaccino  0,  with 
the  abovo  indicated  characteristics,  in  correspondence  with  the  results  of 
its  standardisation  and  the  below  quoted  data  of  American  authors,  was 
found  to  be  equal  to  0,25  ml  of  a  10“ dilution,  which  corresponds  to  4 

(/  0.5)  l£  1:102. 

The  vaccine  of  the  indicated  composition  was  poured  ir.to  ampules, 
each  getting  0.5  ml  of  ric’uottsial  suspension  in  skim,  milk  in  a  dilution  of 
10“2  (by  weight  of  the  vitelline  sacs)  and  lyophilically  exsiccated,  v.t th 
subsequent  soldoring  of  the  ampules  under  vacuum.  V.hsn  used,  tho  dry  vac¬ 
cino  in  tho  ampuls  is  dissolved  in  5  ml  of  sterile  physiological  solution, 
and  used  subcutaneously  in  a  dose  of  0.25  ml. 

In  a  mass  trial  all  together  2617  persons  •..•are  simultaneously  in¬ 
oculated  with  this  vaccine  in  an  organised  collective  in  the  ago  groups 
from  16  to  55  years.  Hero,  boforo  tho  conduction  of  mass  inoculations, 

511  persons  wore  immunized  in  advance.  In  this  control  group  specially 
careful  observations  were  made  on  tho  reactions  to  inoculation,  as  wall  as 
serological  invo  stigation3  v.vro  made  with  CEH  and  HAH  before  inoculations 
and  21-35  days  aftor  inoculations. 

Lot  us  go  over  to  tho  evaluation  of  tho  roastigor.ici try  of  live  vac¬ 
cine  E,  first  of  all  as  it  appoared  in  the  control  group  of  inocuieos. 

Early  non-specifio  roactions  to  the  adainistraii on  of  the  vaccine  were 
observed  in  191  persons  of  tho  control  group. 

Briof  elevations  of  tho  tonparaturo  on  the  2nd  day  aftor  inocula¬ 
tion  were  rooordod  only  in  5  poople,  i.e. ,  in  1.6%,  Local  reactions  in  the 
form  of  hyperemia  and  slight  infiltration  an  tho  awe  of  inoculation  were 
noted  in  17  persons,  i.e.,  in  9%.  In  general,  the  early  roactions  were 
manifested  very  weakly,  and  for  tho  evaluation  of  react! genic ivy  of  vaccino 

5  they  are  vdthout  any  into  rest. 

Before  discussing  tho  lato  reactions,  it  should  be  mentioned  that 
in  tho  control  group  among  299  parsons  in  one  sub-group  there  wore  lif/ 
persons  in  tho  ago  group  from  16  yoars  to  25  years  among  whom  59.7#  (146 
persons)  vas  soronogativo  with  CS?.,  and  in  a  so  cord  sub-group  of  152  per¬ 
sons  in  the  age  group  up  to  60  yoars  was  so  ro- positive  vdth  C3H.  In 
correspondence  with  this,  considerable  differences  wore  observed  in  tho 
roaotions  of  the  two  sub-groups  to  vaccination.  Thus,  in  tho  first  sub¬ 
group  of  soro-negativo  subjoots,  18  cases  of  late  vaccinal  roaotions,  or 
12.2#  occurrod.  In  tho  second  sub-group  from  tho  immune  layer  (17#),  onl- 

6  late  reactions  were  rocordod,  or  I4#.  Those  reactions  arc  given  in  detail 
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according  to  their  intensity  as  follows  (Table  29  and  Figuro 

From  Table  29*  it  is  thus  evident  that  the  percentage  of  tho  mani¬ 
festation  of  late  reactions  depends  upon  the  immunological  "background"  of 
the  incculoes.  They  are  mostly  manifested  quantitatively  and  qualitatively 
in  subjects  who  are  sero-negative  with  C3R  with  a  RPr  anti gen  (12.2#),  and 
to  a  much  lessor  degree  in  the  presence  of  an  immune  layer  in  tho  collec¬ 
tive*  Specifically,  with  the  17#  of  sere-positive  subjects,  lata  reactions 
were  noted  only  in  U%» 
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TABLE  29*  -  1* • .Sub-groups;  2.. .number  of  inoculeas;  3. ..lata 

reactions;  1;.. .weak,  37*2°,  1  day;  5»« .medium, 
37*6°  -  38*5°,  3 -h  days;  6.. .strong,  38.6°,  >7 
days;  7* •• total;  8... I*  sero-negative 3;  9*»»il 
soro-positives,  17#;  10... TOTAL 


From  the  control  group,  157  inoculeos  wore  serologically  wesminod 
with  CBR  with  HAR  vath  a  RPr  antigen.  The  results  of  these  examinations 
are  given  in  Tabla  30, 

Thus,  from  Table  30  it  is  evident  that  vaccine  S  causes  a  very 
good  immunoligical  chift  —in  97#  for  CBR,  and  in  95#  for  EAR;  howevor, 
in  72#  of  the  inoculeos,  HAR  was  found  in  high  and  very  high  titroc.  It 
should  be  especially  emphasised  that  among  U43  inoculees  who  did  not  give 
late  reactions  i.e.,  v/lth  on  asymptomatic  oourse  of  the  vaccinal  IF  infec¬ 
tion,  a  positive  HA.R  in  high  and  extremely  high  litres  (from  1:1600  to 
Is 51200)  was  observed  in  50*3#* 

FOOTNOTE  rjT  '  The  into  reactions  as  th9v  are  shown  in  Figure  liO,  while  pro¬ 
ducing  difforent  individual  respoacos  to  the  vaccinal  infection,  at  tho  smo 
time  illustrate  tho  difforent  resistance  or  susceptibility  to  TF  in  those  who 
make  the  oolleotivo.  It  is  perfeotly  obvious  that  people  who  have  marked 
late  reaction  to  the  inooulation  with  live  vaccine  (see  graph  a,b),  aro  par¬ 
ticularly  sensitive  and  threatened  by  TF,  in  difference  from  pFople  who  react 
to  live  vaccine  with  an  asymptomatic  infection  with  strong  immunological  in¬ 
dices  (soe  graphs  and  e).  Thus,  inoculations  with  live  vaccine  not  only 
revoal  the  non-homogenous*  susceptibility  of  the  collective  to  TF,  but  they 
also  reveal  people  who  are  mostly  threatened  by  this  infection.  At  tho  same 
time,  the  indioated  finding  explains  the  inevitable  diversity  of  clinical 
manifestations  of  TF  infection  in  people  vho  were  subjected  to  infection  as 
a  reflection  of  their  different  sensitiveness  to  the  pathogenic  agent, 
whieh  is  actually  the  ease  (see  page  53)* 
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FIGURE  I40.  -  T-roas  of  fovc-r  graphs  s_nd  sorclogical  rssnonees 
•with.  CEE  and  ESP.  in  ir.ooulc.os  v.ith  livo  vaccino 
fron  the  E  strain  of  Rickettsia  prov.azoki  (after 
E.L'.  GOUKaVICH  and  V.A.  YAELOir SKAYA ,  I96I). 
a,  b... narked  la  to  reactions*  v,  c. . .weakly 
marked  late  reactions;  d,  ©...asymptonatic 
vaccinal  infection. 
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TABLE  30.  -  l.,«KuEiber  of  persons  examined  by  C3?.; 
2,..Titvac  for  CBRj 

3«..i.’unber  of  persons  examined  by  HAH; 
^...Titres  for  HAH. 


Lot  us  now  pass  over  to  the  analysis  of  the  roactigonicity  of  live 
vaccine  E,  as  it  was  rovealed  in  the  ma ss  inoculation  practice.  The  early 
reaotions  did  not  cause  any  complaints,  and  they  wore  net  taken  into  con¬ 
sideration,  since  they  are  not  such  characteristic  for  vaccination  in  in¬ 
coulees  at  Hass  inoculation.  As  to  the  most  important  Into  reactions,  they 
are  considered  on  the  basis  of  the  data  from  the  nodical  posts  ■which  ser¬ 
ved  the  inoculoes,  where  the  latter  were  alcG  returned  with  any  kind  of 
complaint. 

Late  reactions  of  different  intensity  v;cre  noted  in  115  persons 
among  2335  inoculees,  i,e.,  in  ef  the  inoculoes;  moreover,  in  regard 
to  the  inoculations  92  medical  certificates  wars  issued  which  included 
about  1$  of  the  total  number  of  inoculeos, 

?}MV“ 

Late  reactions  oocurred  10  to  19  days  after  the  inoculations.  They 
usually  started  with  chill  and  increase  in  the  temperature,  being  ac¬ 
companied  by  headache  and  myalgia,  and  general  malaise.  In  12  inoculeos, 
on  the  sldn  of  the  abdomen  and  the  lateral  surfaces  of  the  anns,  an  eru- 
pUon  was  noted  in  the  form  of  isolated  roseolae,  which  disappeared  after 
13-72  hours. 
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TABLE  31  -  1. . .number  of  incculeec;  2.,, number  of  inoculeos  with 
late  reactions;  3»»*^rt;’*'ber  of  issued  medical  certi¬ 
ficates;  ^..characteristics  of  late  reactions  by 
maximum  temperature;  5» •  •weak;  6.. .moderate; 

7... marked. 
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The  late  reactions  are  characterized  in  no  re  detail  by  the  summari¬ 
zed  data  of  Table  31. 


Table  32  gives  the  duration  of  late  reactions  in  the  inoeulees. 
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TABLE  32.  -  l,..nunber  of  considered  inoeulees; 

2... duration  of  the  febrile  period  in  days. 


In  the  inoouleos  with  late  reactions  no  complications  v.'ore  observed. 
There  was  no  convalescent  period. 

Since  the  inoculations  were  node  in  a  large  collective  simultan¬ 
eously  in  several  cities,  in  the  evaluation  of  late,  especially  serious  re¬ 
actions  we  should  also  count  with  the  possibility  of  associated  infections 
and  sicknesses,  as  this  was  also  made  by  tho  American  investigators.  In 
our  experiment  such  controls  were  not  made  for  tho  correction  of  reactions. 
Therefore,  the  possibility  is  not  excluded  that  there  is  a  certain  over¬ 
statement  in  the  indices  of  reaotigeaicity. 

Thus,  in  full  correspondence  with  the  of  American  authors,  for  the 
overwhelming  majority  of  inoeulees,  the  live  vaccine  E  is  shown  fully  tol¬ 
erated  and  are  active.  At  the  same  timo,  approximately  in  IC/LlS#  (against 
15#  accounting  to  Amorioan  authors)  in  sore-negative  subjects,  especially 
who  are  susceptible  to  TF  infeotion,  some  kind  of  manifestations  cf  a 
late  febrile  reaction  is  observed.  In  tho  prcsenco  cf  an  immune  layer, 
which  is  regularly  mot  with  in  tho  adult  pcpulaxicn  cf  localities  which 
in  the  past  were  afflicted  to  some  extent  with  IF,  tho  number  of  late  re- 
aotions  among  tho  inoeulees  is  lower,  evidently  in  proportion  tc  tho  mani¬ 
festation  of  the  immune  layer.  At  tho  present  timo*,  with  tho  presence 
of  17#  positive  CBR  in  selectively  examined  groups,  tho  percentage  of  lato 
reaotiono  dropped  approximately  tv.ioe  (5)  compared  with  the  soro-nogative 
contingent  (10-12). 

But  undor  all  conditions,  late  reactions  are  clinical  manifestation 
of  a  vaccinal  TF  infection  in  persons  who  are  particularly  prsdisoocod  to 
it,  and,  in  spite  of  their  fully  benign  courso,  they  are  an  essential 
shortcoming  of  live  vaccine  E,  the  more  so,  since  according  to  both  our  and 
the  Amerloan  observations,  in  1#  of  the  oesgs,  the  late  reactions  force 
people  to  bod  confinement. 

In  correspondence  with  the  indicated,  tho  elaboration  of  a  methodo¬ 
logy  for  the  estimation  of  late  reactions  is  extremely  important.  It  is 
a  problem  which  is  7ri.-thin  the  roach  of  an  easy  solution  as  the  observations 
in  our  laboratory  showed.  By  combining  a  certain  dose  of  solved  antigen  of 
RPr  with  ■the  live  vaccino  E  whioh  during  the  incubation  poricd(9-10  days) 
of  late  reaotions  will  oause  a  slight  resistance  that  suffices  to  prevent 
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•the  clinical  manifestation  of  a  -vaccinal  infection  in  the  fora  of  late 
reactions  (V.A.  YABLONSKAYA,  1963).  ^ 

In  a  final  summary,  live  vaccine  E  can  be  characterized  as  at  pre¬ 
sent  an  unique  reserve  antiepidenio  means  to  be  used  for  stopping  I?  epi¬ 
demics  under  menacing  conditions  with  the  aid  of  specific  inoculations*  ) 

Inoculations  vdth  live  vaccine  E  do  not  mean  any  kind  of  epidemio- 
logioal  danger*  since— -in  correspondence  vdth  the  observations  of  American 
authors  end  according  to  the  data  of  domestic  investigators— lice  cannot 
be  infeoted  when  they  suok  the  blood  of  inooulees  even  at  the  height  of 
the  strongest  late  reactions  (V.A.  PSH3OTCHN0V,  A.A.  LEVASHEV,  V.  YA. 
NIK0LENK0,  1939)*  and  at  the  repeated  passages  on  infeoted  lice  Strain  E 
does  not  change  its  properties*  i.e.*  it  remains  non-p&thogenlo  (V.A. 
PSHENICHNOV,  et  al,  1959). 


FOOTNOTE  1);  Lately,  in  a  massive  inoculative  experiment  it  was  found  that 
the  combined  live  vaccine  E#  i.e.*  the  original  vaccine  E  in  association 
•vdth  the  solved  antigen  of  RPr,  is  a  very  immunogenic  and  we  11- tolerated 
inoculative  preparation. 

Thus*  at  the  immunization  of  I38O  persons*  vdth  the  combined  vacoino  £ 
who  were  80$  in  the  age  group  from  16  to  30  years,  and  were  sero-nogative 
by  CBR  vdth  a  Provsazek  antigen  in  957J.— late  reactions  were  recorded  only 
in  63  persons,  i.e. *  in  the  range  of  2$j  moreover*  all  reactions  were  abso¬ 
lutely  mild  (V.A.  YAB  LONS  KATA*  1963. 

******* 

FOOTNOTE  2)»  The  "combined  live  vaooine  E°  modified  in  our  laboratory*  i.e 
the  original  vaooine  E  in  combination  with  the  solved  antigen  from  RPr,  ob¬ 
tained  in  19 6U  the  official  approval  of  the  USSR  Ministry  of  Publio  Health 
after  its  approval  by  the  Consnittee  of  Vaooines  and  Sera. 
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SUPPLEMENT 


METHODS  OF  SETTING  UP  SEROLOGICAL  REACTIONS  IN  TYPHUS  FEVER  Cl) 
(1)  Compiled  by  E.M.  GOLINEVICH,  Dr.  med.  Sciences. 


For  the  diagnosis  of  typhuo  fever,  the  below  listed  serological  re- 
aotiona  are  used  with  antigens  made  from  Rickettsiae  prowazoki. 

1.  The  oomplement  binding  reaction  (C3R), 

2.  The  hemagglutination  reaction  (HAH.), 

3.  The  rickettslae  agglutination  reaction  (RAR), 


THE  COMPLEMENT  DINPING  REACTION 
1*  Condition  of  making  the  complement  binding  reaction. 

For  setting  up  the  oomplement  binding  reaction  (CBR),  five  in¬ 
gredients  are  needed* 

1)  the  tested  serumj 

2)  the  antigenj 

3)  the  complement} 

h)  the  hemolytic  serum; 

5)  sheep  red  colls. 

The  reaction  is  made  in  a  total  volume  of  1,25  ml,  i.e.,  0,25 
ml  of  each  ingredient,  For  saving  antigon,  the  reaction  can  be  also  set  up 
In  a  volume  of  1  ml,  i.e.,  0.2  ml  of  each  ingredient. 

Tho  first  phase  of  the  reaction,  i.e.,  the  binding  of  the  com¬ 
plement,  oan  be  oarried  out  ir.  the  cold  at  in  18-20  hours,  or  at  37°  tem¬ 
perature  in  one  hour.  The  second  phase  of  the  reaction  is  carried  out  in 
both  oases  at  37°  in  }0  minutes.  Preferably  the  ”oold"  method  is  used  for 
the  binding,  sinoe  in  a  number  of  o&sos  the  reaction  is  rendered  more  sensi¬ 
tive. 


An  obligatory  oor.dxtion  for  sotting  up  CBR  is  tho  use  of  ao- 
curatoly  titratod  ingredients.  The  complement  is  titrated  every  time  on 
the  day  of  sotting  up  the  main  test,  regardless  whether  it  is  used  in  its 
fresh  or  preserved  form.  The  antigen  and  the  hemolytic  sorum  aro  titrated 
by  those  institutes  which  manufacture  thorn,  and,  in  correspond enco  with  tho 
given  titrations,  on  tho  label  of  the  dry  antigen  tho  volume  of  liquid  is 
indloated  in  which  it  should  be  dissolved,  and  on  the  label  of  the  hemo- 
lytio  serum  its  titre  is  stated. 
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For  tho  sako  of  accuracy  of  the  obtained  rosultj  and  the  con¬ 
tinuity  of  tests,  each  time  parallel  with  the  tested  sera  the  reaction  must 
be  also  set  up  rath  a  control  of  the  specific  immune  serum  (with  a  defini¬ 
tely  positive,  known  titro). 

For  the  reaction  of  complement  binding,  separate  vessels  must 
be  used  (pipots,  test  tubes,  flasks),  which  are  thoroughly  washod,  without 
the  use  of  caustic  lye  or  acids.  Tho  washed  vessels  should  be  dried  in  a 

dry-heat  box. 

For  o&ch  of  the  reaction  ingredients  (sera,  antigen,  complement, 
hamolytio  eera,  rod  cells)  separate  pipets  are  used. 

All  dilutions  are  made  with  sterile  physiological  solution 
(0.85#  solution  of  chemioally  pure  table  salt  in  distilled  water). 


2.  PREPARATION  OF  THE  IITG2BDISSTS  OF  TKS  CffiffUSSKT  BISDIHG  REACTION 

1)  The  cerum.  -  For  getting  serum,  blood  is  taken  from  the 
vein  or  from  the  finger  (.not  less  than  1.5  ml)* 

Tho  serum  to  be  tested  should  be  separated  from  the  blood  cot, 
and  transferred  into  a  clean  tube  without  red  cells  (if  necessary,  it  should 
be  oentrif uged ) « 


The  sera  must  be  inactivated,  i.e.,  heated  in  a  water  bath 
of  56°  for  30  minutes.  Attention  should  be  paid  to  it  that  the  S9ra  placed 
for  heating  in  the  water  bath  should  not  touch  the  bottom  which  could  mean 
an  excessive  heating  of  the  serum,  and  also  its  coagulation* 

Tho  sera  which  are  to  be  tested  in  the  CBR  con  be  further 
(for  months)  preserved  also  in  tho  liquid  form,  without  change  of  their 
titres  provided  that  they  are  kept  in  a  refrigerator  vdth  the  prevention  of 
their  exsiccation  and  moulding.  For  the  preservation  of  liquid  serum,  suc¬ 
cessfully  borio  acid  can  be  used  which  is  added  in  the  amount  of  1-2#.  S6ra 
thioh  are  strongly  hemolyzod  or  contain  red  cells  oan  be  anti- complementary, 
i.e.,  they  oan  inhibit  hemolysis  also  in  absence  of  a  specific  antigen. 

Suoh  sera  are  not  suitable  for  the  reaction. 

2)  Tho  antigen.  -  For  the  serediagnosis  of  TF  with  CBR,  an 
antigen  is  used  made  from  Rickettsiae  prowaseki.  This  antigen  can  be  either 
a  well-purified  suspension  of  riekettsiae  in  5#  saccharose,  dried  out  in 
vacuum  (oorpuscular  antigen),  or  it  is  in  tho  shape  of  a  so-called  dry  whole 
antigen  which  oonsists  of  partially  dissolved  riekettsiae  cultivated  in 
the  vitelline  membranes  of  chick  embryoes. 

On  tho  label  of  the  ampul  containing  dry  antigen  it  should 
be  indicated  with  which  volume  of  physiologioal  solution  it  should  be  dis¬ 
solved  so  that  it  should  correspond  to  a  content  of  not  less  than  Z-k 
antigenio  units  in  a  0.25  nl  volume  (or  0.2  ml  antigen  if  the  reaction  is 
oonduoted  in  a  volume  of  1  ml). 

The  dry  antigen  is  dissolved  in  physiological  saline  before 
the  arrangement  of  the  reaction.  The  dissolved  "liquid  antigen  can  be  kept 
for  some  time  in  the  refrigerator,  and  used  if  there  is  no  bacterial  con¬ 
tamination. 
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Tho  ready  anti 3cm.  need  not  to  be  titrated.  However,  in  the  pro¬ 
cess  of  v,t>rk  there  nay  be  need  to  chock  the  quality  of  the  antigen*  In 
such  casos,  the  aatigon  is  verified  in  a  titration  tost  according  to  the 

following  outline, 

Tho  dry  antigen  is  dissolved  in  the  volume  of  physiological  sa¬ 
line  which  is  shov/n  on  the  label  of  tho  annul,  and  it  is  diluted  in  a 
separate  set  of  last  tubes  1:2,  l:ii,  1:S,  1:16,  1:32*  Then,  in  threo  sots 
of  tost  tubes  (6  tubes  for  each  sot),  0,25  ml  is  poured  from  the  antigen 
dilutions,  (into  the  first  tube  0,25  ml  of  tho  dissolved  but  undiluted 
antigen  ispourod).  Further  on,  in  each  test  tube  of  the  first  set  with 
different  dilutions  of  antigen,  0,25  ml  specific  immune  serum  is  added 
(standard,  sent  together  with  tho  antigen)  in  a  dilution  corresponding  to  4 
times  of  its  titre.  For  instanco,  if  the  so run  titro  is  1:320,  then  for  the 
titration  of  tho  antigen  a  dilution  of  1:80  must  bo  taken,  i,o«,  tho  ampul 
Kith  0,1  ml  dry  serum  is  diluted  with  S  ml  of  physiological  salino* 

In  the  second  sot  of  tost  tubes  with  different  dilutions  of  anti¬ 
gen,  0,25  ml  non-spocifio  immune  serum  is  added  to  each  tube  in  a  dilution 
of  1:20,  e,g.,  at  the  titration  of  the  SPr  antigen  -.73  cantako  a  serum 

against  Bumot  rickottsiae  or  D.  Gibericus  as  tho  non-specific  immune  serum. 

In  tho  third  sot  of  test  tubes  with  different  dilutions  of  anti¬ 
gen,  0,25  ml  physiological  salino  is  added  to  each. 

Parallel  with  this,  controls  arc  set  up  for  the  sera  which  wore 
taken  for  tho  tost  ( specific  and  non-specific  sora)for  testing  thoir  anti- 
complementary  character:— in  two  separate  test  tubes  0,25  ml  is  poured 
from  one  and  the  othor  corum  (of  the  same  dilution  which  was  used  f  or  tho 
test),  and,  instead  of  tho  antigen,  0.25  ml  physiological  saline  is  added. 

Then,  to  all  test  tubes  0,25  ml  comp '.ament  is  aided  in  a  dilution 
vdiioh  corresponds  to  the  previously  givon  titrations  ( zoo  below),  and  a 
oontrol  is  set  up  for  tho  complement  (0.25  ml  complement  in  a  dose  taken 
in  tho  test,  /  0.25  ml  physiological  saline  solution).  The  tost  tubas  aro 
shaken  and  put  in  a  refrigerator  for  13-20  hours,  if  the  binding  is  ontiroly 
ooaduoted  in  tho  cold,  or  in  a  thermostat  at  3 ?°  for  an  hour.  After  tho  in¬ 
dicated  time,  the  hemolytic  system  is  added  (see  below) ,  and  the  tost  tubos 
aro  put  in  tho  thermostat  at  37°  for  20-50  minutos  until  tho  completion  0? 
hemolysis  in  the  controls.  Tho  roading  of  tho  results  is  done  one  hour 
after  the  tubos  wero  taken  out  from  tho  thermostat. 

In  Table  33  we  give  an  outlino  of  titration  for  tho  antigen  7/ hich 
make 8  possible  to  find  out  how  many  antigenic  units  are  contained  in  a 
given  antigen,  its  speoifioity,  end  the  presence  or  absence  of  anti- comple¬ 
mentary  properties. 
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TABLE  33.  -  a. ..Set  of  tost  tubes;  b... ingredients;  0.. .num¬ 
ber  of  tube  and  dilution  of  antigen;  d... initial; 
e... Control;  f... serum;  g, . . eonplenont; 

A... First  set;  B... Second  set;  C... Third  set. 
1... antigen;  2... specific  serum;  3* • • complement; 
2;... physiological  solution;  5»»*At  U°  for  18-20 
hours  or  at  370  for  one  hour;  6... Addition  of 
homolytio  system,  0*25  ml  to  eaoh;  7 •••In  ther¬ 
mostat  at  37°  for  30  minutes. 
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XABI2  3U.  -  1...  Anti  gen;  2..  .Immune  serum  for  riokettsiae;  3... 

dilution  of  antigon;  2;. ..control;  5.. .serum;  6... 
complement;  7...R.  pronazeld  serial  Ko,;  8. ,.prow- 
azeid;  9. ..the  same;  10...Bumeti;  11... the  same; 
12... without  serum. 
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Prom  Tablo  3!*,  it  can  bo  soon  that  iho  antigon  is  good  for  tho  uso 
in  CBR,  sinco  it  is  spooific,  does  not  have  antioomplenumtary  properties, 
and  contains  k  antigonio  units:— inhibition  of  hemolysis  (3/)  in  a  1:U 
dilution  (for  each  unit  of  antigen  the  highest  dilution  is  used  which  in¬ 
hibits  hemolysis  with  tho  specific  immune  serum  at  3/  or  J4/). 

The  antigon  should  bo  considered  not  suitable  for  use  in  CBR  if 
it  firstly  contains  loss  than  2  antigenic  units  (for  instance,  it  doos  not 
inhibit  honolysis  with  a  spooific  immune  serum  even  in  a  1:2  dilution), 
secondly,  if  it  is  non-specific,  i.e.,  if  it  inhibits  homolysis  with  non¬ 
specific  immune  sera,  and,  thirdly,  if  it  has  onticemplementary  properties, 
i.e.,  it  inhibits  homolysis  in  absence  of  immune  sera, 

3*  Tho  complement.  —  Tho  souroe  of  complement  for  CBS  is  tho 
serum  of  guinoa  pigs.  Blood  is  taken  from  those  animals  on  tho  eve  of  sot¬ 
ting  up  the  reaction,  sinco  tho  complement  quickly  loses  its  aotivity  (in 
1-2  days).  For  getting  tho  complement,  blood  is  taken  from  the  animal  by 
moans  of  heart  puncturo.  In  the  cardiac  area  the  hair  is  out  off,  tho  skin 
is  rubbed  with  alcohol,  and  smeared  with  iodino  (tincture  of).  V.ith  the 
fingor  of  tho  left  hand  tho  heart  impluso  is  felt  about,  and  at  this  placo 
a  puncturo  is  carofully  mode  with  tho  noedle  which  is  attaohod  to  tho 
syringo  (syringe  and  noodle  should  bo  boiled  and  washed  thoroughly  with  phy¬ 
siological  saline).  Tho  ncodlo  should  bo  slowly  and  gently  pressed  inward 
toward  the  cardiac  lino.  IVith  careful  movemont  of  the  needle,  first  a 
sonnation  of  tho  heart  pulsation  is  obtained,  then  the  sensation  of  como 
obstaolo  from  tho  passage  through  the  muscular  layer  of  the  cardiac  wall. 

By  passing  through  the  muscular  layer,  tho  neodle  drops  into  froo  spaco 
in  tho  cavity  of  tho  loft  ventricle,  and  at  this  moment  blood  penotratos 
through  tho  noodlo  and  tho  syringe,  gently  elevating  the  piston.  Then  the 
position  position  of  the  syringe  and  neodle  is  fixed  with  the  left  hand, 
and  with  the  right  hand  tho  piston  is  carefully  pulled  out  from  the  sy¬ 
ringe  vhioh  even  undor  the  pressure  of  tho  blood  is  moved  upwards  by  it¬ 
self,  if  tho  puncture  was  oorrectly  made,  i.e.,  into  the  cavity  of  tho 
left  ventricle.  Not  more  than  5-10  ml  blood  can  bo  taken  from  the  guinea 
pig.  After  blood  taking,  tho  sane  volume  of  physiological  saline  should 
be  given  to  guinea  pig  subcutaneously.  The  vdthdrawa  blood  is  poured 
into  a  test  tubo  which  is  left  for  £  to  1  hour  at  room  temperature  or  in 
tho  thermostat.  The  coagulated  blood  is  encircled  with  a  loop  or  a  Pas¬ 
teur  pipot  for  tho  detachment  of  the  blood olot  from  the  wall  of  the  test 
tube  and  placed  in  tho  refrigerator  for  the  next  day. 

Tho  transparent  serum,  separated  from  the  blood  clot,  is  also  the 
oomplement. 


Tho  complement  taken  from  sevoral  guinea  pigs  are  combined  to¬ 
gether.  To  avoid  the  exhaustion  of  donor  guinea  pigs,  blood  should  be 
taken  from  them  not  more  often  than  once  in  two  weeks.  In  case  of  nec¬ 
essity,  preserved  complement  can  be  also  used.  The  preservation  of  com¬ 
plement  can  bo  done  in  the  following  manner. 


ine  fresh  complement  (i.e.,  tho  guinea-pig  serum)  can  bo  frozen 
in  a  special  refrigerator  at  -25°  -  -60®  temperature.  Preservation  of 
the  complement  can  be  done  by  way  of  freezing  in  an  evaporator  of  an 
ordinary  refrigerator.  In  the  frozen  shape,  the  complement  can  be  keot 
for  a  long  time.  ^ 


Vacuum  exsiccation  in  a  volume  of  0,5 
of  eoaploment  for  many  months. 


1  ml  preserves  -the  aotivity 
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Tho  complement  can  bo  preserved  by  the  method  of  GINZBURG- KALI XI I«A 
by  way  of  adding  0*05  5  GOdium  sulface  (Ka^SO.  )  and  0*01;  g  boric  acid 
(Hg  BO,)  to  1  ml  of  guinea  pig  serum.  Eotn  fresh  and  preserved  complomont 
should '’be  obligatorily  titrated  each  time  boforo  setting  up  the  complement 
binding  reaction  (seo  below). 

U»  Shcop.  red  cells.  - —  For  getting  red  colls,  blood  is  taken  from 
the  jugular  vein  of  sheep  with  the  aid  of  a  needle,  directly  into  a  storilo 
jar,  provided  v.lth  a  ground-in  stoppor,  in  which  glass  beads  aro,  L.vr.od la¬ 
tely  of  tor  blood  taking,  the  jar  vdth  the  beads  is  shaken  for  10  ainutos 
to  get  defibrinatod  blood. 

The  withdrawn  blood  is  put  in  a  refrigerator,  and  in  this  shape  it 
oan  be  used  for  a  few  days. 

On  the  day  of  sotting  up  who  C3R,  tho  defibrinated  blood  is  fil¬ 
tered  through  four  layers  of  gauze  into  a  centrifugal  glass  (or  testtubes) 
and  centrifuged  at  1500-2500  r.p.m.  until  tho  sedimentation  of  red  colls 
(usually  10- 15  minutes).  The  supernatant  fluid  (serum)  is  thrown  away,  and 
tho  sediment  of  rod  cells  is  rinsed  vdth  physiological  silino  solution, 
thoroughly  mixed,  and  again  centrifuged.  The  washing  of  tho  red  colls  is 
repeated  trace,  if  the  supernatant  fluid  is  transparent  after  tho  last 
centrifugation  and  is- not  reddened.  If  thoro  is  a  trace  of  hemolysis,  then 
the  washing  of  tho  red  ceils  should  be  repeated  until  getting  a  trans¬ 
parent  and  non- red-stained  supernatant  fluid.  After  the  last  centrifuga¬ 
tion,  tho  supernatant  fluid  is  sucked  off,  and  tho  sediment  of  red  cells 
is  used  in  C3R  in  the  fora  of  a  3/»  suspension  in  physiological  saline  so¬ 
lution  (e.g. ,  3  ml  of  the  red  cell  sediment  /  97  ml  of  physiological  saline) 
The  red  cells  are  washed  obligatorily  on  the  day  of  arranging  the  tost. 

The  remnant  of  non-used  washed  red  cells  is  'poured  up  vdth  physiologioal 
saline  solution.  They  can  be  kept  for  a  few  days  in  the  refrigerator,  and 
before  setting  up  a  t03t  thoy  are  again  washed. 

For  a  longer  preservation  of  red  cells  the  following  methods  of 
their  preservation  can  be  used. 

To  100  ml  of  defibrinated  sheep  blood,  15  ml  of  the  following  solu¬ 
tion  is  addedt 


Physiological  saline 

100  ml 

Boric  aoid 

h  S 

Glucose 

6  g. 

The  bottle  vdth  the  solution  is  boiled  in  wator  bath  for  20  min¬ 
utes  on  3  successive  days.  3y  the  indicated  method  the  red  cells  can  be 
preserved  in  the  refrigerator  for  3-2;  months, 

Tho  preservation  of  red  cello  can  be  also  dono  by  way  of  diroot  conv- 
bination  of  the  taken  ehoep  blood  with  a  preservative  agent  of  the  follow¬ 
ing  composition! 


Sodium  chloride  2;.  2  g 
Glucose  20.5  g 
Sodium  citrate  8  g 

1000  ml. 


Distilled  water 
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Tho  solution  should  have  <1  ph=6.2  (in  case  of  need,  it  can  be  acid¬ 
ified  vdth  citric  acid).  Tho  solution  is  suorili2ed  in  vapor  stoam,  or 
boilod  in  tho  water  bath  for  yO  minutes  on  three  successive  days. 

For  tho  preservation  of  rod  cells,  shoep  blood  is  taken  in  bottles 
which  are  previously  rinsed  out  with  this  pro serving  agent  (blood  and  tho 
preserving  agent  should  be  in  equal  volumes). 

Tho  shoop  blood  which  is  pro served  by  one  or  anothor  kind  of  method 
is  kept  in  refrigerator,  and  on  the  day  of  setting  up  the  test  a  triple 
washing  of  the  rod  cells  is  carried  out  (as  indicated  above). 

Signs  of  a  change  in  the  properties  of  rod  cells  wnich  r.ako  them 
unsuitable  for  tho  reaction  are  tho  Rppoaranco  of  dark  discoloration  and 
inclination  to  non-specific  homo lysis  which  is  manifested  in  reddening  of 
tho  physiological  solution  after  repeatedly  rinsing  the  rad  colls,  and 
also  the  lability  of  red  cello  in  tho  reaction  of  hemolysis  both  at  com¬ 
plement  titration  and  at  setting  up  the  main  test.  At  its  titration  the 
dose  of  complement  becomes  very  small,  and  in  tho  main  test  the  positive 
sera  can  also  give  negative  or  weakly  positive  reactions. 


To  avoid  a  reduction  in  red-cell  resistance,  a  regular  regime  shoui 

be  kept  in  taking  sheep  blood: - tho  bloc-d  letting  (about  50-1C0  ml)  in 

tho  same  animal  should  not  be  made  mere  often  than  once  in  15  days,  Tho 
blood  is  taken  alternately  from  the  right  and  tho  left  jugular  VGin. 

Aftor  1-2  years,  the  animals  which  served  for  tho  obtaining  of  red  cells 


are  exchanged  with  now  ones. 


5.  Tho  hemolytic,  serum. - Tho  hemolytic  sorurn  is  obtainoa  from 

rabbits  which  wore  immunised  with  shcop  red  cells,  and  tho  sora  are 
issued  in  a  roady  form  with  tho  indication  of  their  titros  cn  the  label 
of  the  ampul.  Tho  obtained  liomoiytic  serum  is  transferred  from  tho  ampule 
into  sterile  tost  tubes,  completely  closed  with  a  rubber  stopper,  and  kept 
in  the  refrigerator.  Tho  intro  of  tho  hemolytic  sora  is  verified  only  * 
whoa  a  now  batch  of  hemolytic  serum  is  obtained,  or  when  using  this  serum. 
Hemolytic  serum  is  not  titrated  each  time  when  sotting  up  the  reaction. 


The  determination  of  the  titro  of  hemolytic  serum  is  made  in  the 
following  way.  A  main  dilution  cf  the  hemolytic  serum  is  prepared  as 
1:  ICO  (0.1  ml  of  hemolytic  scrum  /  9.0  ml  of  physiological  saline),  from 
which  further  dilutions  are  prooarod  dooonding  upon  tho  titre  indicated  cn 
the  label.  (Table  55). 
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TAELE  55  -  1.. .Number  of  test  tube;  2*.. dilution  of  hemolytic 

senci;  5. ..hemolytic  serum  1:100;  ^..physio¬ 
logical  solution. 

V 


TABLE  5 6,  -  1... Number  of  tost  tubo;  2... hemolytic  scrum  in 
dilution;  5...35S  susponsion  of  red  cells; 

!*..?  complement  in  1:10  dilution;  5»* •physio¬ 
logical  saline;  6.. .re suit. 
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sat¬ 
in  a  sot  of  tost  tubes  directly  into  each,  w©  measure  out  0.25  mi 
of  the  obtained  dilutions  of  hemolytic  sc  run,  starting  v.ith  1:  600.  Then, 
into  each  tost  tubo  re  put  0.25  ml  of  a  3/*  suspension  of  washed  red  cells, 
0.25  ml  of  a  1:10  dilution  of  complement  (0.5  ml  guinea-pig  serum  /  4.5  ml 
physiological  salino),  and  0.5  rJ  of  physiological  salino  so  that  the  total 
volume  of  the  mixture  is  1.25  ml.  Each  dilution  of  the  hemolytic  serum 
should  bo  measured  each  tire  v.ith  a  separate  pipot;  however,  one  pir.ot  can 
bo  also  used  if  the  measuring  is  done  in  the  reversed  order,  i.e.,  begin¬ 
ning  vdth  the  last  -tost  tuba  that  contains  the  maximum  dilution  of  tho  scrum. 

After  a  thorough  shaking  of  the  mixture,  the  test  tubos  are  put  in 
a  thermostat  at  37°  for  1  hour,  and  then  the  results  are  read  at  onco,  . 
(Table  36). 

The  titra  of  tho  hemolytic  sorum  is  its  maximum  dilution  which  is 
able  to  hemolyzo  in  a  certain  volume  (0.25  ml)#  !•©•»  to  solve  red  cells  in 
the  same  (0.25  ml)  volume  of  a  y/<,  suspension  in  presence  of  tho  complement. 

In  tho  quoted  example,  the  dilution  of  1:1200  should  bo  taken  as 
the  titre  of  the  hemolytic  serum.  At  setting  up  the  complement  binding 
reaction,  the  hemolytic  sorum  is  used  in  a  triple  titre,  i.e,,  in  tho 
given  case  tho  hemolytic  serum  is  in  the-  dilution  of  1:1|00  (C.l  hemolytic 
serum  /  39»9  physiological  saline  solution). 


3.  0R32R  0?  SETTING  U?  TH5  C0IPLK.S1TT  BINDING  RZACTICU 

On  -the  eve  of  setting  up  the  main  CBK  test,  tho  following  prelim¬ 
inary  work  is  done: 

a)  separation,  of  the  sera  from  tho  blood  clots;  these  sera 
will  bo  tested  (the  separated  could  bo  done  earlior)^ 

b)  inactivation  of  the  test  sera  in  water  bath  at  56°  for  JO 

minutes; 

c)  taking  blood  from  guinea  pigs  for  getting  complement; 

d)  taking  blood  from  sheep; 

On  the  day  of  making  the  main  test  of  C3R  the  following  steps  are 

taken: 

a)  washing  the  shoop  red  cells  ( sse  above); 

b)  complement  titration; 

c)  sotting  up  the  main  tost. 

On  the  day  of  sotting  up  the  main  test,  work  should  start  with  wash¬ 
ing  the  red  cells  (sec  above). 

After  the  red  colls  were  washed,  the  titration  of  tho  comoleaant 

can  start. 


1)  TITRATION  C?  TIB  COIPLi&iSKI 

From  the  test  tube  containing  tho  blood  taken  from  guinea-pigs  the 
day  before,  the  sorum  is  drained  off  without  red  cells,  and  transferred  into 


1-8711 


Pago  120 


a  clean  tube.  If  the  blood  was  taken  from  several  guinoa  pigs  (depending 
upon  tho  consunod  amount  of  complement)  then  tho  so  run  of  all  guinotwpigs 
is  combined.  ■  If  the  complement  contains  red  cells,  then  a  light  and  care¬ 
ful  centrifugation  (5  minutes  at  1500  r.p.n. )  should  be  done  for  the  re¬ 
moval  of  red  cells. 

Tho  complement  ic  always  kept  on  ice  (or  in  ref rigerator).  The 
titration  of  the  cor.plonont  begins  with  the  preparation  of  a  hemolytic  sys¬ 
tem  which  consists  of  a  mixture  of  equal  volumes  of  a  3#  suspension  cf  red 
oells  and  hemolytic  serum  in  a  dilution  which  corresponds  to  its  triple 
titre.  For  this  purposo,  9*7  ml  of  physiological  saline  and  0.3  ml  of 
sediment  of  washed  she op  red  cells  is  poured  in  a  flask.  Zn  another  flask, 
10  ml  of  physiological  saline  and  0.025  ml  (measured  with  a  micropipet) 
homolytio  so run  (of  the  titre  of  Is  1200)  is  poured,  which  gives  a  dilution 
of  1: i|00.  /if tor  thorough  mixing,  the  red  cells  are  poured  over  into  the 
flask  of  hemolytio  serum  and,  for  a  bettor  mixing  the  mixture  is  thrice 
poured  over  from  flask  to  flask  and  then  it  is  put  in  a  thermostat  at  37° 
for  30  minutes* 


EXAMPLE  OF  COMPLEMENT  TITRATION 
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TABLE  37*  -  1.., Number  of  test  tube;  2* ••  complement  in 

dilution  Is  10;  3... physiological  solution; 

1*... hemolytic  system;  5* ••  result* 


During  this  time,  the  complement  dilutions  are  prepared*  Starting 
Tdth  the  main  dilution,  we  make  a  1:10  dilution  of  the  complement  (0*3  ml 
complement  /  2*7  ml  of  physiological  saline),  which  is  poured  with  micro¬ 
pipet  into  a  set  of  dry  test  tubes  in  doses  from  0*02  ml  to  0*12  ml**', 
(Table  37)*  Then,  to  each  test  tube,  physiologie&l  saline  solution  is 
added  up  to  a  total  volume  of  0*75  ml,  and  then  to  each  tube  0*5  ml  of  the 
hemolytic  system  is  added  which  was  kept  in  the  thermostat  for  30  minutes* 

The  test  tubes  are  shaken  and  placed  in  the  thermostat  for  30  min¬ 
utes,  after  which  the  results  are  read  without  delay* 


1) 


FOOTNOTE:  Each  dose  of  complement  is  taken  separately  in  the  pipet  and 
it  is  blown  out  into  a  dry  test  tube* 
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One  unit  of  complainant  is  the  smallest  amount  of  complement  which 
causes  full  hemolysis*  In  tho  given  example,  one  unit  of  complement  cor¬ 
responds  to  0*06  ml  of  the  Is  10  complement  dilution.  One  full  unit  of 
complement  is  the  (next)  second  test  tube  of  full  hemolysis,  i.e.,  in  the 
given  instance,  0.07  ~*1  complement  of  the  1:10  complement  dilution,  or 
0.007  ml  of  the  undiluted  complement,  A  working  dose  of  the  complement 
is  that  dose  which  is  used  in  iho  test,  i.e.,  incaso  of  cold  binding  2 
full  units,  and  in  case  of  warm  binding,  one  full  unit  of  complement. 

For  sotting  up  the  complement  binding  reaction  by  the  cold  method, 
in  the  main -tost  two  full  comoloment  units  are  taken,  i.e.,  in  the  given 
instance  0.007  ml  x  2  -  O.OlI;  ml  undiluted  complement  (for  each  test  tube). 

If  the  binding  is  done  by  the  warn  method  (i.e.,  at  temperature  37°).  then 
the  complement  is  taken  in  the  amount  of  one  full  unit,  i.e.,  0.007  ml  of 
the  undiluted  complement  per  each  test  tube. 

Lot  us  now  give  an  oxample  of  calculating  the  necessary  amount  of 
oomploment  for  the  main  tost  at  cold  binding. 

In  tho  tost,  100  tost  tubes  aro  all  together.  Consequently,  the 
undiluted  complement  should  be  O.OlI;  ml  x  100  -  1.1;  ml. 

The  needed  amount  of  physiological  saline  solution  (so  that  in  a 
volumo  of  0.25  ml  there  should  be  O.OlI;  ml  complement)  oonsists  of  0.2p 
ml  -  O.OlI;  ml  -  O.256  ml  physiological  saline  solution  per  one  tost  tube, 
and  for  100  tubes  0.2p6  ml  x  IOC  a  2^,6  ml  physiological  saline  solution. 

If  tho  binding  is  conductod  by  the  cold  mothod,  thon  the  cor¬ 
responding  ratios  of  tha  necessary  amount  of  complement  aro  the  following 
for  100  test  tubes  for  the  main  test. 

Complement  undiluted  0.007  ml  x  100  s  0.7  ml,  physiological  saline: 
0.25  ml  -  0.007  ml  =  0.2i;3  ml;  0.2i;3  ml  x  100  a  21;. 5  r.l. 

Complement  for  tho  main  tost  is  diluted  directly  before  its  addition. 


Dilution  of  the  3 ora. - Tho  tost  tubes  are  disposed  on  the  stand 

and  on  each  of  then  vho  supposed  serum  dilution  is  inscribed.  On  tho  first 
tost  tube  tha  inscription  ir.sludos  the  family  name  of  tho  patient,  or  tho 
ordor  nunbor  by  tho  record  log.  In  tho  some  stsnd  aro  sot  up  the  test 
tubes  for  the  control  of  serum,  of  antigon  and  of  complement. 

Sera  activated  tho  provicuc  night  aro  diluted  with  physiological 
saline  in  separate  sets  of  tost  tubes  and  0.25  »1  of  each  dilution  is 
placed  into  tho  tost  set  of  tuboc, 

Tho  selection  cf  tho  noccssary  dilutions  of  sorum  is  made  accord¬ 
ing  to  the  problem  setting.  Thus,  in  oaco  of  tho  examination  of  tho  sorum 
of  a  sick  person,  a  series  of  dilutions  is  made  from  1:10  to  l:2p60  and 
evon  comotir.os  higher.  But  in  caso  of  mass  examinations,  or  at  tho  exam¬ 
ination  of  people  who  had  contact  with  3?  patients,  the  CBR  is  sot  up 
first  with  a  serum  in  2-3  dilutions  (e.g.,  1:10;  1:20;  lri;0),  and  in  the 
presence  of  positive  sora  the  lattor  are  again  examined,  but  already  with 
a  wider  range  of  dilutions  for  tho  final  establishment  of  thoir  titro. 
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In  conformity  with  tho  tasks  of  tho  TF  serodiagnosis,  in  a  patient 
the  serum  dilutions  of  sera  are  mode  1:10,  1:20,  lrl;0,  1:60;  1: 160,  It  *20, 
1:6I}0,  1:12£0,  1:2560.  These  dilutions  aro  prepared  in  the  following  manner. 

In  the  first  tube,  v.o  pour  1.8  ml  physiological  saline,  and  in  each 
of  tho  rest  of  tubos  1  ml  physiological  salino.  Then,  using  a  separata 
pipot  for  each  serum,  0.2  ml  of  tho  tested  sorua  is  takon,  and  transferred 
into  tho  first  tuba  whore  tho  dilution  of  the  serum  will  bo  now  1:10.  Than, 
after  thorough  mixing  ( thro  a  times  pulling  up  into  the  pipet  and  blowing 
out),  0.25  ml  of  the  1:10  sarin  dilution  is  transferred  into  tho  first 
tubo  of  tho  test  sot,  0.25  ml  into  a  separate  clean  tube  which  is  sot  up  at 
the  end  of  tho  tost  set  of  dilutions  as  tho  serum  control,  and  1  ml  is 
transferred  into  tho  second  tubo  of  the  set  of  dilutions  in  which  1  ml  of 
physiological  saline  was  poured.  After  thorough  mixture,  0.25  »1  of  the 
obtained  dilution  1:20  is  transferred  into  the  second  tube  of  the  tost  sot, 
and  1  ml  of  tho  samo  dilution  is  put  into  the  third  tubo  of  tho  set  of 
dilutions,  and  so  on,  to  the  last  dilution.  Thus,  re  get  a  ceries  of  con¬ 
secutive  double  dilutions  of  tho  serum  in  tho  test  set  of  tubes  each  of 
which  contains  0.25  nl  of  of-oh  of  these  dilutions. 

Tho  addition  cf  antigen. - The  dry  antigen  of  R.  prowazeki  is 

dissolved  in  physiological  salino  in  the  ssmo  volume  which  is  indicated  on 
tho  ampul’s  label,  and  after  complete  solution  (better  to  dissolve  somewhat 
earlier)  0.25  ml  is  added  to  oaoh  of  the  diluted  sera  of  the  test  set  of 
tubes  (antigen  is  not  added  to  tho  tubo  of  the  serum  control,  but  in  its 
place  0.25  ml  of  physiological  salino  solution  is  added).  Simultaneously, 
a  control  is  set  up  for  the  antigen:—  in  a  separate  test  tubo,  0.25  ml 
antigen  and  0.25  mi  of  physiological  saline  solution,  is  pourod,  for  the 
verification  of  tho  absence  of  anti o omp lemon tary  properties  in  the  antigen. 
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EXAVPLB  OF  TH2  OUTLI1IS  OF  A  CBR  SET-UP 
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TABLE  33.  -  1., . ingredient ;  2... serum  dilutions;  3.,.sorxii 

control;  1;. ..antigen  control;  5« ..complaint 
control;  6... control  of  tho  hemolytic  system; 
7.,.sorun;  6*. .antigen;  9.. .complement; 

10. •• physiological  salino  solution;  11,,, in  tho 
refrigerator  at  I;0  for  18-20  hours  (or  at  37° 
for  1  hour);  12. , .homolytic  system;  13. ,, phy¬ 
siological  solution;  I4. ..In  thermostat  at  37° 
for  30  lainutjs;  15 • ..Expected  results  in  tho 
controls. 


Tho  addition  of  ccr.olor.ont.  — -In  accordance  with  the  calculation 
made  at  tho  titration”  (  soo  above ;,  the  conn  lament  is  diluted  in  the  required 
amount  vdth  physiological  saline  solution  and  at  once  it  is  added  in  0,25 
ml  amounts  (tho  so-called  working  dose)  to  each t03t_  tubs  of  tho  diluted 
sorum  and  vdth  tho  antigen.  added  to  it.  Complement  is  also  added  to  the 
seruia  control  and  antigen  control  tubes.- 


Simultaneously,  a  control  is  set  up  for  the  complement.  If  tho 
binding  is  conductod  at  37°,  thon  ono  complement  control  is  set  up  with  its 
7/0  rking  dose,  i.e,,  in.  a  separate  tubo  0.25  ml  of  complement  is  pourod  in 
th9  test  tube  (ono  working  doso),  and  instead  of  scrum  and  antigen,  0»5  ml 
of  physiological  saline  is  added.  If  tho  binding  reaction  is  made  at  l+°, 
thon  the  complement  is  cot  up  in  three  doses  for  the  calculation  of  tho 
aotual  amount  of  doses  of  complomont  taken  inihe  test.  For  this,  three 
test  tube 3  are  taken.  Tho  first  tube  is  marked  vdth  figure  2,  the  second 
with  figure  1  and  the  third  with  figure  \t  correspondingly  to  two  full  units 
-..  of  complement  (used  in  tho  test  for  binding  in  the  eold),  to  tvdoo  less  and 


to  h  times  les3  number  of  complement  units.  In  the  first  tube  with  tho 
mark  2,  0.25  ml  complement  is  pours-!,  which  is  poured  in  ail  tubes  cf  tho 
tost  sot  (two  full  units  of  complement).  In  tho  second  tube  with  tho  mark 
1,  with  a  clean  dry  micropipet,  0«12  ml  of  tho  samo  complement  is  poured 
(one  full  unit  of  complement),  and  in  the  third  tuba  (marked  ■£•),  with  tho 
some  micropipet,  0»0o  ml  of  the  same  complement  is  poured  (-§  of  one  full 
unit  of  complement).  Then,  into  each  of  the  three  tubes,  physiols  ft  sal 
saline  solution  is  added  up  to  a  total  volume  of  0.7m  ml,  i.a.,  into  the 
tube  marked  2,  0.5  ml  salina  is  added,  into  tho  tube  marked  1,  0.6j  ml  of 
saline  is  added,  and  into  the  tubo  marked  -§•,  0*6?  saline  is  added  (Table  *;3). 
Tho  stand  vith  the  tost  tubes  in  placed  in  the  refrigerator  for  16-20  hours 
(or  in  tho  thermostat  at  57°  for  1  hour). 


Tho  addition  of  tho  hemolytic  system.  —  After  13-20  hours,  if  the 
binding  is  conducted  in  tho  cold,  or  after  an.  hour  stay  of  the  stand  with 
tho  tubes  in  tho  thormostat,  the  hemolytic  system  is  addod  which,  as  already 
indicated,  consists  of  a  mixture  of  oqual  volumes  of  a  yl  suspension  of  rad 
colls  and  dilution  cf  tho  hemolytic  sorum,  corresponding  to  its  triple 
titro.  For  instance,  if  tharo  aro  150  tubos  altogether  in  tho  test,  and 
the  titre  of  tho  hemolytic  sorum  is  1: 1200,  then  first  po.S  ml  physiolo¬ 
gical  saline  solution  is  poured  in  a  flask,  and  1.2  ml  of  erythrocytes  is 
added,  and  in  a  second  flask  59*9  ~1  physiological  salino  solution  is 
poured  and  0.1  ml  hemolytic  sorum  is  added  sc  that  its  dilution  will  bo 
lilj.00.  Thon,  tho  suspension  of  rod  colls  is  poured  into  tho  flask  with 
tho  diluted  hemolytic  sorum,  end  after  a  triple  pouring  from  cue  flask  into 
tho  oth9r,  tho  nixturo  is  placed  in  tho  thermostat  at  37°  for  3°  minutes. 

At  tho  samo  time,  from  tho  refrigerator  tho  toot  stand  with  tho  tubos  is 
taken  out  if  tho  binding  is  conducted  in  tho  cold. 


Aftor  30  minutes,  in  0.5  ml  amounts  tho  hemolytic  system  is  addod 
to  each  tost  tubo,  and  a  control  is  sot  up  for  tho  hemolytic  cystom,  which 
should  show  conplote  absence  of  hemolysis.  For  this  purpose,  in  a  separate 
tubo,  0,5  ml  of  tho  hemolytic  system  and  0.75  ml  of  physiological  salino 
solution  (in  place  of  sorum,  antigen,  and  complement)  is  pourod.  Aftor 
addition  of  tho  hemolytic  system,  each  tost  tubo  is.  thoroughly  shaken  so 
that  no  sodimontod  red  colls  should  bo  at  tho  bottom  of  tho  tubo.  Tho 
stand  vith  tho  tost  tubes  is  put  into  too  thormostat  at  37°  for  30  minutes 
(tho  timo  of  stay  can  bo  somewhat  shortened  or  lengthened  depending  upon 
tho  completion  of  tho  homolysis  in  tho  serum, "antigen  and  conplenont  con¬ 
trols.  ) 


Tho  reading  of  results  is  dono  ono  hour  after  tho  test  tubos  wore 
taken  out  from  tho  thermostat.  Tho  results  of  the  reaction  aro  marked  with 
orosses  (plus  signs): 

I4/... absence  of  hemolysis;  tho  fluid  above  tho  sediment  of  rod 
oells  is  transparent  end  not  reddenod; ‘ 

3/...tracos  of  hemolysis;  tho  fluid  above  tho  sedimont  of  red  collc- 
is  slightly  reddoned  in  0.  rosy  color; 

2/... plain  hemolysis;  tho -fluid  above  tho  sedimont  of  rod  colls  is 
of  red  oolor.  Thoro  is  considerable  sediment  of  red  cells  at  tho  bottom 
of  the  tost  tubo; 

l/... almost  complete  hemolysis.  Very  slight  sedimont  of  red  cells 
at  tbs  bottom  of  the  test  tube. 

-  •• .complete  hemolysis;  there  is  no  red- coll  sediment. 
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Each  tost  should  bo  combined  with  sotting  up  tha  reaction  with  an 
established  positive  so  rum  of  known  titra  so  that  there  should  bo  a  con¬ 
tinuity  in  tosts.  Tha  titro  of  the  known  serum  (bettor  to  uso  dry  standard 
serum)  should  bo  chooked. 

Tha  sat-up  of  the  reaction  car.  bo  considered  ro liable  if  all  the 
established  arranged  controls  confirmed  tho  corroctnoss  of  the  reaction 
course,  i.e.,  if  in  tho  controls  of  tho  tested  sera,  in  tho  antigen  control 
and  in  tho  complement  oontrol  (working  dose)  there  is  complete  homolysis. 

And,  in  tho  control  of  tho  hemolytio  system,  tho  homo  lysis  is  absent*  In 
the  complement  oontrol,  with  sotting  up  tho  binding  in  tho  cold,  in  tho  two 
first  tost  tubes  there  should  bo  full  homo  lysis  (2  end  ono  full  unit  of 
complement),  and  in  the  third  tuba  (-|-  a  unit)  tho  inhibition  of  hemolysis 
should  be  2/  cr  3/« 

If  in  tho  control  of  any  of  tho  tosts  sera  oven  a  slight  inhibition 
of  hemolysis  is  noted,  then  tho  reaction  with  this  serum  cannot  be  con¬ 
sidered  at  all,  and  in  tho  rocord  log  tho  notation  should  bo  mad o  about 
its  anti- con? lamantari ty. 

If  in  tho  anti ga n  control,  there  is  ovon  an  insi gulf i cant  inhibi¬ 
tion  of  homolysis,  then  nono  of  tho  tosts  can  bo  road. 

In  oxcoss  of  complomont  in  tho  reaction  in  tho  third  tuba  of  comple- 
inont  control  (•)?  unit)  a  full  homolysis  can  bo  observed.  In  this  casos  the 
titres  of  tho  tosted  sera  may  happon  to  bo  understated.  Or.  tha  contrary.', 
in  case  of  complement  shortage,  absenoo  of  homolysis  can  be  noted  ovon  in 
the  seoond  tube  of  tha  complement  control.  In  this  caso,  tho  titro s  of  tho 
tosted  sera  vill  bo  overestimated.  In  such  cases,,  tho  v.iiolo  tost  must  bo 
repeated, 

Tho  tltre  of  a  serum  according  to  tho  C3A  is  tho  smallest  amount 
of  serum  (or  tho  largest  dilution)  which  inhibits  homo lysis  at  not  loss 
■than  2/  with  markedly  positive  reactions  (j»  or  !•/)  in  tho  preceding  serum 

dilutions. 

IE3I35ST  H^GC-LU TINA T1  Oil  REACTIOn 

Tho  essonco  of  tho  reaction  of  indirect  homagg.lutir.ati on  (FAR)  is 
that  in  case  of  the  interaction  of  on  irrnuno  serum  with  cheap  rod  colls, 
on  whose  surface  an  antigen  is  absorbed  that  is  specific  for* the  given  serum, 
the  red  colls  bocome  agglutinated,  which  is  well  -visible  with  tho  naked  oye* 

At  setting  up  tho  roactior.  with  different  successive  dilutions  of 
tho  tested  serum,  the  hemagglutination  titro  of  a  certain  serum  can  bo  es¬ 
tablished. 

1.  INGREPiSFTS  OF  !:JIAR:|  ARP  THEIR  PREPARATION 

For  EAR,  tho  following  ingredients  arc  needed: 

a)  tho  tosted  sorun  or  a  definitely  immune  serum; 

b)  antigen  of  R.  prowazGki  for  EAR; 

0)  shoop  red  cells. 

1)  Tho  tested  serum.—  Tho  sorun  is  prepared  just  in  the  same  way 
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as  for  CSH  (see  above),  i.o.,  tho  serum  is  separated  without  red  colls  from 
tho  blood  clot*  The  blood  was  taken,  from  a  vein  or  from  the  finger  (if 
nocossary,  it  is  centrifuged).  Serum  can  bo  also  used  which  was  obtained 
after  taking  blood  from  tho  finger  in  citrates  physiological  saline  solu¬ 
tion. 

The  serum  obtained  by  any  method  should  bo  inactivated  at  58°  for 
30  minutes, 

Sinco  the  human  serum  may  contain  normal  heterogenous  hemagglutinins 
for  sheep  red  cells,  it  must  be  obligatorily  exhausted  by  cheep  red  colls 
to  avoid* the  presence  of  non-spocific  hemagglutinins  in  tho  serum, 

2),  The  antigen.  —  In  indirect  EAR,  sheep  rod  colls  are 
used  as  antigen  on  whose  surface  RPr  antigen  is  absorbed.  The  iattor  is 
prepared  from  egg  cultures  of  rickettsiau  and  dried  out  in  vacuum. 

On  the  labol  of  tho  antigen  ampul,  tho  volume  of  physiological  caiin: 
solution  should  b9  inscribed  in  which  the  contents  of  tho  ampul 
dissolved,  mhieh  in  its  turn  is  established  by  preliminary  titration  of  tho 
antigen  (in  the  laboratory  which  prepares  the  antigen)  with  tho  calculation 
that  in  the  working  dose  not  less  than  two  antigenic  units  should  be  con¬ 
tained. 


3),  Sheep  rad  colls.-- Just  as  for  CBR  tost  (seo  above),  the 
sheep  red  cells  are  prepared  by  the  sano  method,  i.o.,  the  defibrinated 
blood  is  filtered  through  h  layers  of  gauze,  centrifuged,  and  the  red  colls 
are  washed  2-3  times  with  physiological  saline  solution.  After  subsequent 
centrifugation,  the  supernatant  transparent  and  colorless  fluid  is  removed, 
and  the  sediment  of  red  cells  is  used  for  tho  EAR. 


2.  0353 R  CP  SETTING  IP  TES  "EAR", 

On  tho  night  previous  to  the  setting  up  of  the  reaction,  tho  follov;- 
ing  steps  are  taken: 

1)  inaotivation  of  the  tested  sera  (it  can  be  also  inactivated 

earlier); 

2)  taking  blood  from  sheep  (the  blood  is  ready  for  a  few  days); 
On  the  day  of  making  the  reaction,  the  following  is  done: 

1)  washing  the  shesp  rod  oells; 

2)  absorption  of  antigen  by  sheep  rod  cells; 

3)  absorption  of  heterogenous  hemagglutinins  by  normal  sheep 
rod  oells  from  the  tested  sera. 

2.  Arrangement  of  the  HAR. 

1.  Solution  of  the  dry  antigen  of  R,  prowazoki. - Tho  dry  ?j?r 

antigen  for  the  EAR  is  dissolved  in  that  much  volume  of  physiological  salinn 
solution  as  indioated  on  the  label  of  the  ampul. 


f 
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2.  Preparation  of  antigen  adsorbed  on  red  cells  for  the  setting 
up  of  the  HAR.  —  Four  ml  of  dissolved  RPr  antigen  is  measured  out  with  a 
pipet,  and  transferred  into  a  centrifugal  tube.  Then,  0.1  ml  sheep  red  cells 
(washed  sediment  of  red  cells)  is  added,  and  after  thorough  mixture,  it  is 
put  into  the  thermostat  at  37®  for  1  hour,  with  periodical  shaking  of  the  mix¬ 
ture  every  10-15  minutes  for  better  adsorption  of  the  antigen  or.  the  red¬ 
cell  surface. 


3.  Adsorption  of  the  heterogenous  hemagglutinins  from  the  rested 
serum. —  For  the  adsorption  of  the  heterogenous  hemagglutinins  the  tested 
serum  is  mixed  with  sheep  red  cells  (washed  sediment  of  red  cells)  in  a 
volume  corresponding  to  half  of  the  volume  of  the  used  serum.  For  instance, 
in  the  centrifugal  tube  0.9  ml  physiological  saline  and  0.1  ml  tested  in¬ 
activated  serum  is  added  (the  obtained  dilution  is  1:10),  and  then  0.05  ml 
sheep  red  cells  is  added.  The  mixture  is  left  at  room  temperature  for  16-20 
minutes,  with  periodic  shaking. 

4.  Centrifugation  of  the  antigen.—  The  centrifugation  of  the 
antigen,  i.e,  of  the  erythrocytes  which  stayed  for  one  hour  in  the  thermostat 
for  the  adsorption  of  the  RPr  antigen  by  the  red  cells,  is  done  for  10  min¬ 
utes  at  2500  r.p.m. .  Then,  the  supernatant  fluid  is  thoroughly  and  completely 
removed.  To  the  sediment  of  red  cells,  10  ml  physiological  saline  solution 

is  added.  The  mixture,  which  thus  consists  of  a  1%  suspension  of  red  cells 
with  the  adsorbed  rickettsial  antigen,  is  used  as  antigen  in  the  HAR. 

5.  Centrifugation  of  the  tested  serum. —  The  centrifugation 
of  the  serum  for  its  liberation  from  the  added  sheep  red  cells  to  adsorbe 
the  heterogenous  hemagglutinins  is  done  for  10  minutes  at  2500  r.p.m. 

The  supernatant  fluid  is  sucked  off  into  a  clean  test  tube, 
and  the  sediment  of  red  cells  is  thrown  away  (the  centrifugation  of  the 
serum  can  be  done  simultaneously  with  the  centrifugation  of  the  antigen). 

6.  Dilution  of  the  tested  sera.  - —  In  a  stand,  test  tubes  are 
placed,  and  they  are  marked  for  the  following  dilutions:  — 1:250;  1:500; 
1:1000;  1:2000;  1:4000;  1:80 00;  1:16000;  1:32000  and  1:64000  (Table  39). 

On  the  first  test  tube,  the  patient's  family  name  is  indicated,  or  the  order 
number  according  to  the  recording  log.  Then,  three  more  test  tubes  are  put 
on  the  stand  for  serum  control,  antigfen 'c’ontrol  affd'confbor  of  normal  sheep 
red  cells.  All  tubes  are  marked. 

The  dilution  is  made  in  a  separate  set  of  test  tubes.  For 
this,  in  the  first  tube  2.4  ml  physiological  saline  solution  is  placed,  and 
in  each  of  the  other  tubes  1  ml.  Then,  in  the  first  tube  0.1  ml  inactivated 
and  adsorbed  test  serum  is  added  (the  serum  was  diluted  1:10  at  the  ad¬ 
sorption  by  the  red  cells).  Thus,  in  the  first  tube  a  dilution  of  1:250 
is  obtained.  From  this  dilution,  into  the  first  tube  of  the  test  set  0.4  ml 
is  transferred,  and  into  the  second  diluting  tube  1  ml,  with  1  ml  of  phy¬ 
siological  saline  solution.  In  the  second  tube  the  dilution  thus  becomes 
1:500.  From  this  dilution  0.4  ml  of  the  mixture  is  again  transferred  into 
the  second  tube  of  the  test  set,  and  1  ml  into  the  third  dilution  tube  with 
1  ml  of  physiological  saline  solution,  and  so  on,  to  the  end. 


1-8711 


Page  128 


OUTLINE  OF  SETTING  UP  THE  "HAR” 
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TABLE  39.  -  1 ...  ingredient ;  2... serum  dilution;  3... red  cell 

control;  4. . .antigen  control ;  5. . .serum  control ; 

6. . .tested  serum  mi;  7. ..antigen,  ml  (17.  cell  sus¬ 
pension  with  adsorbed  antigen);  8. . .physiological 
saline,  ml;  9... 17.  sheep  red  cells  suspension,  ml; 

10.. . desired  result  of  reaction  in  the  controls; 

11. .  .negative. 


7.  Addition  of  the  antigen.  —To  each  tube,  o.l  ml  antigen, 
i.e.,  17.  sheep  red  cell  suspension  is  added  on  the  surface  of  which  RPr 
antigen  is  adsorbed.  Each  tube  is  thoroughly  shaken  for  obtaining  an  homo¬ 
genous  suspension. 

8.  Control  for  the  test.  —At  the  same  time  the  following 
controls  are  set  up: 

a)  A  serum  control  is  set  up  to  verify  that  the  tent  serum 
itself  does  not  cause  agglutination  of  sheep  red  cells.  For  this  purpose, 

a  17.  suspension  of  normal  (without  RPr  antigen)  sheep  red  cells  is  prepared 
(9.9  ml  of  physiological  saline  solution  and  0.1  ml  of  sheep  red  cells). 

In  the  test  tube,  with  corresponding  marking,  0.4  ml  of  the  test  serum  is 
poured  in  a  1:250  dilution  (inactivated  and  exhausted),  and  0.1  ml  of  a 
1%  suspension  of  sheep  red  cells. 

b)  Antigen  control  for  the  antigen  used  in  the  test  (17. 
suspension  of  sheep  red  cells  with  adsorbed  RPr  antigen)  is  arranged  for 
the  purpose  to  check  whether  the  antigen  itself  would  result  in  red  cell 
agglutination  in  the  absence  of  the  specific  serum.  For  this  purpose,  in 

a  test  tube  0.1  ml  antigen  is  poured  with  0.4  ml  physiological  saline  solution 
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c)  Sheep  red-cells  control  is  arranged  for  the  purpose  to 
check  whether  the  normal  red  cells  of  sheep  would  agglutinate  the  red 
cells  without  antigen  and  without  specific  serum.  Therefore,  in  a  test  tube 
0.4  ml  physiological  saline  solution  is  measured  and  0.1  ml  of  a  1%  sus¬ 
pension  of  sheep  red  cells  is  added  (see  above). 

All  test  tubes  are  put  in  the  thermostat  at  30°  for  the 
night,  or  at  *oom  temperature  (not  lower  than  +  20°)  for  the  same  period. 

Parallel  with  the  test  sera,  a  reaction  should  be  also 
set  up  for  the  control  of  the  standard  serum  of  known  titre. 

9.  Reading  the  results  of  the  reaction. —The  results  of  the  re¬ 
action  are  read  next  day.  The  reading  of  the  reaction  is  done  with  the 
naked  eye,  starting  without  shaking  the  test  tubes,  according  to  the  pre¬ 
sence  or  absence  of  red  cell  agglunitation.  In  case  of  a  positive  reaction, 
marked  with  a  plus  sign  (+),  on  the  bottom  of  the  test  tube,  there  is  a  wide 
granular  sediment  of  coagulated  red  cells  in  the  shape  of  a  upside-down 
umbel.  This  sediment  of  agglutinated  red  cells  can  be  spread  out  evenly 
on  the  bottom  of  the  test  tube,  or  it  can  make  a  form  which  resembles  a 
ring.  At  shaking,  the  test  tube,  the  agglutinated  red  cells  are  separated 
in  flakes  from  the  bottom  of  the  tube,  sometimes  with  difficulty.  In  case 
of  a  negative  reaction,  i.e.,  in  case  of  absence  of  agglutination  of  the 
red  cells,  the  latter  will  sediment  in  the  center  of  the  test  tube's  bot¬ 
tom,  forming  an  even  small  disk  with  smooth  edges.  At  shaking  the  test 
tube,  the  red  cells  rise  up  from  the  bottom  of  the  test  tube  in  the  form  of 
a  delicate  stream  and  form  a  hemogenous  suspension. 

The  reaction  can  be  considered  reliable  if: 

a)  in  absence  of  antigen  the  tested  serum  does  not  cause  ag¬ 
glutination  of  normal  sheep  red  cells; 

b)  the  antigen  itself,  i.e.,  the  1%  suspension  of  sheep  red 
cells  with  the  adsorbed  antigen,  does  not  cause  agglutination  of  the  red 
cells  in  the  absence  of  serum; 

c)  the  normal  sheep  red  cells  do  not  give  spontaneous  agglu¬ 
tination,  i.e.,  in  the  red-ccll  control  the  reaction  is  negative; 

If  in  the  controls,  agglutination  of  red  cells  occurs,  no  reaction 
can  be  considered. 

In  a  given  setup  of  reaction,  the  titre  of  the  control  immune  serum 
should  correspond  with  its  knovn  titre. 


RICKETTSIAL  AGGLUTINATION  REACTION  (RAR) 

The  rickettsial  agglutination  reaction  (RAR)  is  made  in  thoroughly 
washed  and  thoroughly  sterilized  test  tubes. 

The  test  serum  should  be  freshly  taken,  without  red  cells,  and  non- 
hemolyzed.  Serum  dried  on  paper  is  not  suitable  for  the  setting  up  of  an  RAR. 

The  serum  should  not  be  inactivated. 
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The  antigen  which  is  used  in  the  agglutination  reaction  for  the 
diagnosis  of  TF  consists  of  a  suspension  of  Rickettsiae  prowazeki  culti¬ 
vated  in  the  vitelline  sacs  of  chick  embryoes,  or  accumulated  in  the  lungs 
of  intranasally  infected  mice.  The  concentration  of  antigen  should  cor¬ 
respond  to  the  turbidity  of  bacterial  optical  standard  with  500  million 
microbic  bodies  in  1  ml. 

The  antigen,  prepared  in  the  dry  form  (vacuum  exsiccation  in  sac¬ 
charose)  should  be  quickly  dissolved,  and  the  obtained  suspension  should  be 
homogenous,  without  flakes. 

The  antigen  is  dissolved  before  use  in  the  volume  of  physiological 
saline  solution  which  is  indicated  on  the  label  of  the  ampul. 


1.  SETTING  UP  THE  RICKETTSIAL  AGGLUTINATION  REACTION  BY  THE 
VOLUMETRIC  METHOD. 

The  tested  serum  is  diluted  with  physiological  saline  solution  at 
such  a  rate  that  successive  double  dilutions  are  obtained,  e.g.,  1:10; 

1:20;  1:40;  1:80;  1:160;  1:320;  1:640;  1:1280.  It  should  be  considered 
here  that  after  the  addition  of  an  equal  volume  of  antigen  the  dilutions  of 
serum  are  doubled,  and,  consequently,  the  above  indicated  dilutions  will 
actually  correspond  to  1:20,  1:40;  1:80;  1:160;  1:320;  1:640;  1:1280; 

1:2560.  In  correspondence  with  this  dilution,  we  should  mark  the  test  tubes. 

The  dilution  is  made  in  a  separate  series  of  test  tubes:  in  the 
first  tube,  1.8  ml  physiological  saline  is  put,  and  in  each  of  the  other 
tubes  1  ml.  Then,  to  the  first  tube  we  add  0.2  ml  test  serum,  and  we  get 
a  dilution  of  1:10.  From  this  first  tube,  after  mixing  (three  times  pull¬ 
ing  up  and  blowing  out  the  fluid),  with  a  graduated  pipet  we  take  0.2  ml 
and  transfer  it  into  the  first  tube  of  the  test  set  on  which  the  mark  reads 
1:20  dilution,  then  0.2  ml  of  the  same  dilution  of  serum  is  measured  out 
into  a  separate  tube  (the  serum  control)  and  1  ml  into  the  second  tube  of 
the  dilution  set  which  already  has  1  ml  physiological  saline  solution. 

After  mixture,  0.2  ml  is  transferred  into  the  second  tube  of  the  test  set 
whose  the  mark  reads  1:40  dilution,  and  1  ml  into  the  third  dilution  tube 
with  1  ml  of  physiological  solution,  and  so  on. 

The  serum  can  be  diluted  also  in  the  test  set  of  tubes.  In  this 
csss  ths  dilutions  ssrc  sisds  ths  following  for^!  —  —  ixitc  ssch  of  ths 
set  of  agglutination  tubes,  with  the  exclusion  of  the  first  tube,  0.2  ml 
of  physiological  solution  is  poured.  Then,  in  a  separate  tube  a  1:10  di¬ 
lution  of  the  serum  is  prepared  (0.1  ml  of  serum  and  0.9  ml  of  physiolo¬ 
gical  solution),  which  after  mixing  is  added  in  0.2  ml  volume  to  the  first 
test  set  of  tubes  (on  which  the  mark  is  1:20  dilution),  then  into  the  sec¬ 
ond  tube  (where  the  mark  is  1:40  dilution),  and  0.2  ml  into  a  separate 
tube  (the  serum  control).  From  the  second  test  tube  (marked  1:40  dilution) 
0.2  ml  is  transferred  after  mixing  into  the  third  tube,  mixed,  and  0.2  ml 
is  again  transferred  into  the  fourth  tube,  and  so  on.  From  the  last  tube 
in  which  the  volume  happens  to  be  0.4  ml,  0.2  ml  is  taken  out  and  discarded. 

To  the  diluted  0.2  ml  amount  of  the  serum,  whichever  way  the  dilu¬ 
tion  was  made,  0.2  ml  antigen  is  added  to  each  tube.  Parallel  with  this, 
an  antigen  control  is  set  up:  —  0.2  ml  antigen  +  0.2  ml  physiological 
saline  solution.  To  the  serum  control  tube,  0.2  ml  physiological  saline  is 
added. 


After  shaking  the  test  tubes,  they  are  put  into  the  thermostat  at 
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37°  for  18-20  hours.  The  reading  of  results  is  done  on  the  next  day  two 
hours  after  the  tubes  were  taken  out  from  the  thermostat.  At  the  estima¬ 
tion  of  results,  it  should  be  considered  that  in  difference  from  the  ag¬ 
glutination  of  bacteria,  the  agglutination  of  rickettsiae  is  very  delicate, 
and  the  formed  flakes  are  very  easily  rocked  and  destroyed.  Therefore, 
the  stands  with  the  tubes  should  be  carefully  taken  out  from  the  thermo¬ 
stat,  and  at  reviewing  the  reactions,  the  tubes  should  not  be  shaken  in 
any  case. 

The  reading  of  results  is  done  with  the  naked  eyes  (without  a 
magnifying  glass)  according  to  the  following  outline: 

4+. . .complete  clearing  of  the  fluid  above  the  sediment  in 
presence  of  a  granular  sediment  at  the  bottom  of  the  test  tube,  arranged 
in  the  form  of  a  capsized  umbel; 

3+. ..no  complete  clearing  of  the  fluid  above  the  sediment, 
sediment  similar  to  the  one  in  the  4+  reaction; 

2+. ..turbid  fluid  in  presence  of  a  slight  granular  sediment 
at  the  bottom  and  wall  of  the  test  tube; 

1+. ..slight  granularity  of  the  suspension. 

-  ...negative  reaction  (homogenous  suspension,  no  difference 
from  the  suspension  in  the  antigen  control  tube). 

The  result  is  considered  reliable  if  in  the  antigen  control  the 
rickettsial  suspension  remains  homogenous,  and  in  the  serum  control  tube 
the  fluid  was  transparent  and  no  flakes  appeared. 

The  reaction  is  considered  positive  in  the  presence  of  intensive 
agglutination  of  rickettsiae,  marked  with  not  less  than  2+  in  the  final 
dilution,  and  in  presence  of  a  reaction  of  3+  and  4+  in  the  initial  dilu¬ 
tions  of  the  serum. 

Parallel  with  the  tested  sera,  a  reaction  should  be  also  set  up  to 
control  the  agglutination  with  an  established  positive  serum  of  'known  titre 
with  the  same  RPr  antigen. 

In  the  absence  of  graduated  pipets,  the  RAR  can  be  also  set  up  in 
the  drop  method.  Here,  it  should  he  considered  that  0.1  ml  corresponds  to 
2  drops. 


2.  SETTING  UP  THE  RAR  WITH  THE  DROP  METHOD  ACCORDING  TO  NOSING. 

For  the  purpose  of  saving  antigen,  for  the  diagnosis  of  TF,  the  RAR 
can  be  made  by  the  drop  method  of  MOSING. 

For  arranging  this  reaction,  a  special  RPr  antigen  is  used  where  the 
rickettsiae  were  accumulated  in  the  intestines  of  infected  lice.  This  re¬ 
action  can  be  also  successfully  set  up  with  the  usual  dry  antigen  of  RPr  for 
agglutination  in  the  usual  concentration,  i.e.,  500  million  microbic  bodies 
per  1  ml. 

The  difference  in  the  reactions  with  these  antigens  will  be  that 
the  antigen  from  infected  lice  has  a  cinnamon  color,  while  the  antigen 
from  the  egg  cultures  of  rickettsiae  is  colorless. 
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It  should  be  considered  that  the  drop  agglutination  according  to 
MOSING  gives  usually  2-4  times  lower  titres  for  the  sera  than  the  ordinary 
agglutination,  and  for  this  reason  its  diagnostic  titre  is  lower  (1:40). 

The  reaction  is  entirely  specific. 

The  setup  of  the  reaction  is  done  in  the  following  manner.  In 
small  test  tubes  of  0.8  -  1  ml  volume  a  series  of  dilutions  are  made  of  the 
tested  serum  with, physiological,  saline  by.  the  drop  method.  In  the  first 
tube,  4  drops  of  saline  are  placed,  in  the  subsequent  tubes  3  drops  each. 
Then,  to  the  first  test  tube,  a  drop  of  serum  is  added,  i.e.,  a  dilution 
of  1:5  is  obtained.  After  mixing,  from  this  dilution  3  drops  are  trans¬ 
ferred  into  the  second  test  tube,  obtaining  therewith  a  1:10  dilution. 

Then,  3  drops  of  the  second  tube  are  transferred  into  the  third,  and  3 
drops  of  the  third  tube  into  the  fourth,  and  so  on. 

Thus,  a  series  of  dilutions  is  obtained:  —in  the  first  test  tube 
the  dilution  is  1:5  in  a  volume  of  2  drops,  and  in  the  subsequent  test  tubes 
the  dilutions  are  1:10,  1:20,  1:40,  1:80,  1:160,  1:320,  ina  volume  of  3 
drops.  To  this  dilution  of  serum,  an  equal  amount  of  antigen  is  added. 

Thus,  the  serum  in  each  of  the  tubes  is  still  doubly  diluted,  i.e.,  actually 
the  serum  dilutions  are  1:10,  1:20,  1:40,  1:80,  1:160,  1:320,  1:640. 

For  the  serum  control,  it  is  diluted  with  physiological  saline 
solution  to  1:10  (one  drop  of  serum  +  9  drops  of  physiological  saline). 

For  the  antigen  control,  3  drops  of  antigen  are  mixed  with  an 
equal  amount  of  physiological  saline.  To  prevent  the  contents  of  the  tubes 
from  exsiccation,  it  is  recommended  that  each  tube  be  plugged  with  a  cotton 
plug. 


The  stands  with  the  series  of  test  tubes  are  shaken  and  placed  in 
the  thermostat  at  30°  temperature  for  20-24  hours.  The  reading  is  done  on 
the  next  day  not  earlier  than  2-3  hours  after  the  tubes  were  taken  out  from 
the  thermostat.  In  case  of  a  positive  reaction,  a  drak  brown  sediment  is 
obtained  in  the  shape  of  an  umbel  with  irregular  edges,  with  transparent 
supernatant  fluid. 

In  case  of  a  negative  result,  sediment  is  not  observed,  or  it  is 
collected  in  the  center  of  the  test  tube  bottom,  and  the  supernatant  fluid 
is  turbid.  The  nature  of  the  agglutination  of  rickettsiae  is  finely 

o>r«nn  1  aw  _ 
o“  • 
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